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PRINCIPAL, JOHN 


Strong leadership in elementary science is an 
immediate need. Recent developments in the 
international scene have accentuated this need. 


Unless teachers assume this leadership, it will 
be assumed by extremists. 


The author takes a calm positive approach to 
the problem, and shows how science can be an 
integral part of the elementary program. 


News reports during the last year concerning the 
development and launching of guided missiles, rockets, 
and satellites have caused the attention of the world 
to be focused on the important part that science plays 
in shaping our destiny. Daily we read of the critical 
shortage of scientists in our nation. Many plans are 
being considered to evaluate and replan our entire 
educational structure to meet this need. Some proposals 
suggest that the teaching of science on all levels, from 
kindergarten through the elementary school and on to 
the secondary school and university, must be emphasized 
more than it has been in the past. Most educators wel- 
come this sudden interest of the general public and 
hope that science and the science teaching will regain 
some of their lost prestige and respect. However, em- 
phasis on the teaching of science is not new in many 
fine school systems, for in these schools a strong, con- 
tinuous program of science is an integral part of the 
curriculum. 


The teaching of science must begin in the elementary 
school, since it is during these formulative and develop- 
mental years that the teacher sparks scientific interest 
and stimulates knowledge. At this level, it is important 
that the teacher identify, encourage, and teach children 
with scientific ability at an early age, for they will be 
our future scientists. It is also necessary to develop an 
appreciation and understanding of the impact of science 
in this technological age by all other boys and girls. 
These two groups constitute the challenge to the ele- 
mentary science educator. The position held by these 
persons is a key one, for additional science education 
is built on the foundation which they begin. 


Children of the elementary school age are extremely 
curious, enthusiastic, and interested in the world in 
which they live. The teaching of science, both natural 
and physical, is an important part of the curriculum 
which enables teachers to take advantage of these in- 
nate characteristics. The methods used by the teacher 
are all important, but first it is essential to consider 
the atmosphere in which some of these techniques can 
be used. 


The atmosphere of the classroom provides the setting 
for science teaching. It is the proper climate within 
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Science In The Elementary Sehool 


By Florence E. Learzaf, M.Ed.. niversity of Pittsburgh) 


DAVIS AVENUE, PITTSBURGH 12, PA. 


the science room that should allow even the most casual 
observer to know that “this is the science room.” Every 
elementary classroom should contain some growing 
plants. This will include common house plants, along 
with those started by children from the seed of an avo- 
cado, a sweet potato placed in water, or carrot and beet 
tops placed in a saucer of sand. This setting will hold 
true for a self-contained classroom or highly depart- 
mentalized science room. In the self-contained classroom, 
a corner or table devoted to science should be in evi- 
dence. A bulletin board with clippings from newspapers 
and magazines for, “Science in the News” helps to 
make children aware that their school time is really 
a part of the current happenings in the world. Pictures 
well mounted and artistically arranged help make the 
room interesting. In addition, an aquarium and terrar- 
ium, along with specimens brought in by the children 
should have prominent spots. A box standing on end 
with an osage orange or a discarded snake’s skin placed 
within, might otherwise go unnoticed if it were not for 
the caption, “Do You Know What This Is?” 


With the atmosphere or proper climate provided in 
the classroom, the teacher will find it easy to encour- 
age children to observe more carefully. This may be 
done by attracting attention to a specimen in the room. 
The sentences, “Watch this cocoon. The caterpillar is 
changing to a moth.”, may be placed under the cocoon 
of a cecropia moth. A jar with several beans planted 
near the inside glass may have these questions placed 
beside it. “Watch the beans in this jar. Which will 
grow first, the roots or the stems?” Children should 
be encouraged to make observations outside of the 
school also. An assignment to look at the constellation 
of the big dipper and to draw the stars as they appear 
in the sky; or to ask children to look for alto-cumulus 
clouds and report to their classmates when they ob- 
serve them, will remind children that science extends 
beyond the school room. The use of all of the senses 
to gather information and in arriving at tentative ex- 
planations should be encouraged. 


Experimentation is part of the elementary science 
program. This does not necessarily mean a compli- 
cated setup with high school science equipment, but 
rather the use of simple material at hand, to try out 
or demonstrate with what children wish to know. Very 
young children who are placing a magnet on various 
materials to identify which materials are attracted to 
it are doing experiments on their level. In the upper 
elementary school, the wise teacher will be careful that 
“experiments” are not done as a form of entertainment 
or as a feat of magic. Here, the children should know 
and understand that a specific purpose is set forth. 
There are many occasions when it is worth while to 
“write-up” an experiment, but like written book re- 
ports, this phase should not be overdone. However, there 


(Continued on Page 22) 


Be 
site 
* 
4 
>. 
: 
: 
4 


;or 


MarcH, 1958 


Molybdenum—A Versatile Element 


e By Benjamin H. Danziger 


Molybdenum, one of nature’s most versatile ele- 
ments, although well known metallurgically, is 
treated very briefly in most chemistry courses. 
Aside from its position in the periodic table and 
the molybdate tests for phosphorus, most chem- 
ists know little of its chemistry. 


This article outlines the history, metallurgy, 
chemistry and uses of molybdenum. 


It did not take man long to put gold and silver to 
work—these materials were considered precious back 
in earliest Biblical times. But a good many other 
metals which play an important role in today’s civili- 
zation spent centuries sleeping in oblivion before their 
value was discovered. One of these is molybdenum. 

Molybdenite, the major source of the versa- 
tile element molybdenum, was known to the 
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emancipating molybdenum came in 1778 when a Swedish 
chemist, Karl Wilhelm Scheele, discovered that by treat- 
ing molybdenite with nitric acid, molybdic oxide re- 
sulted. Four years later, J. J. Hjelm isolated the metal 
itself. 


Little more than a laboratory curiosity up until World 
War I, molybdenum rocketed into importance during 
this conflict. It was used primarily in new alloys for 
armor, other ballistic applications and the crankshafts 
of liberty engines. It also proved a good substitute for 
tungsten in high speed steels. 


Demand for moly dropped considerably when the war 
ended, but availability of an assured supply at a reason- 
able price spurred new technological advances and the 
gradual adoption of moly-steels in various industrial 
applications. By the late 1930’s moly was a well estab- 
lished material. World War II stimulated sharply in- 

creased demands, although at its close there 
was a slump in consumption during conversion 


early Greeks and Romans who used the words 
molybdos and molybdaena (respectively) to 
describe it. The first important step toward 


from wartime to peacetime uses. Today, new 
applications continue to arise steadily—both 
metallurgical and chemical. 
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has been squeezed out or wiped away. 


Forms of Moly Available 


In performing its varied functions, moly is used in 
many different forms. One of the most commercially 
significant is molybdic oxide (MoO;). It is produced 
in several grades—technical, purified, and _ briquets. 
Ferromolybdenum and molybdenum metal also are 
important commercial forms. Still others include: am- 
monium molybdate, molybdenum silicide, and sodium 
molybdate. 


Molybdenum In Metallurgy 
Steel 


Molybdenum’s principal role is as an alloying ele- 
ment—and in this field steel accounts for the lion’s 
share of consumption. It is estimated that well over 
half of the alloy steels produced in the United States 
today contain moly. 


One of moly’s most significant roles in steel is its 
effect on hardenability. This property might be defined 
as the characteristic which makes it possible to harden 
by rapid cooling from above the critical temperature 
range. The net result of small additions of moly is a 
steel of relatively uniform hardness and strength, even 
throughout heavy sections. 


Toughness is another highly important contribution 
of moly to steel. Simply defined, this property is the 
ability to resist breakage (as opposed to brittleness). 
Still other contributions are improvements in: resist- 
ance to softening on tempering; strength and creep 
resistance at elevated temperatures; machinability; and 
corrosion resistance. 

Moly is used far many different types of steels which 
find application in a variety of industries. The major 
markets for moly steels are: automobile; petroleum- 
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production; toolmaking; process industries; 
machine tool and heavy machinery; power 
and electrical; aircraft; ordnance; mining 
and earth moving; agricultural equipment; 
railroads and shipbuilding. 


In the production of steel, molybdenum is 
used principally in two forms—molybdic 
oxide and ferromolybdenum. The form se- 
lected depends on the particular steelmaking 
process involved, the economics, and the 
type of steel being made. 


Cast Iron 


Increasing quantities of molybdenum have 
been used for the production of cast iron 
in the U. S. in recent years. The automo- 
bile industry, one of the largest consumers 
of moly iron, is using it to cast more and 
more parts each year—dies, cylinder blocks, 


CONDUCTING A SMEAR test on the fifth wheel of a trailer truck to determine cylinder heads, bushings, valve lifters, 
the extent of molybdenum disulfide remaining after the vehicle has brakedrums, etc. Moly also plays an im- 
undergone extensive service. Moly, with its strong affinity to metal portant part in the manufacture of quality 


iron castings for such applications as gears, 
valves and machine parts. 

As an alloying element for cast iron, moly 
provides increased tensile strength. But in addition it 
makes possible a uniform response to heat treatment, 
greater wear resistance, improved elevated temperature 
properties, and uniformity in different castings made 
with the same iron. 


In producing cast iron, moly is generally used in the 
form of ferromolybdenum. 


Non-Ferrous Alloys 


The versatility of molybdenum is demonstrated by 
its role in non-ferrous alloys. Varying according to the 
particular base with which it is combined, moly con- 
tributes any one or a combination of the following 
properties: corrosion resistance; hardness; resistivity; 
and strength at elevated temperatures. 


The more important commercially produced moly- 
containing alloys are cobalt base or nickel base. High 
permeability nickel-iron alloys, for example, utilize 
moly for the purpose of decreasing sensitivity to cool- 
ing rate and increasing resistivity. In certain corrosion 
and heat resistant alloys, on the other hand, moly’s 
purpose is to promote hardness and elevated tempera- 
ture strength as well as to improve its corrosion re- 
sistance. 


Molybdenum Metal and Molybdenum-Base Alloys 


Under the stimulus of jet engine production during 
the past few years, alloys have been developed to per- 
form at high temperatures. Moly’s high melting point 
and good high-temperature creep properties make it 
particularly attractive for the development of heat- 
resistant and structural alloys which will bear heavy 
loads at high temperatures. Molybdenum base alloys 
superior to other alloys at temperatures above 1600° F 
are now used commercially. 
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TABLE I 

Physical Properties of Molybdenum Metal 
Atomic number 42 
Atomic weight 95.95 
Crystal structure body centered cubic 
Melting point 4730 F 
Density—68 F 0.369 Ib/cu. in. 
Electrical conductivity—32 F 34% IACS 


Specific heat—70 F 0.061 Btu/lb/°F 


Modulus of elasticity (dynamic) 


80 F 45.5 x 10° psi 
1500 F 40. 
2500 F 35. 
Modulus of rigidity 
80 F 17.4 x 10° psi 
1600 F 15. 
Poisson’s ratio 
80 F 0.324 
1600 F 0.321 
Thermal conductivity 
70 F 68.2 Btu/hr/ft-/ft/°F 
1650 F 62.4 


Mean coefficient of linear thermal expansion 
68 to 212 F 3.06 x 10° per °F 
68 to 1832 F 3.41 


Molybdenum metal and molybdenum-base alloys ex- 
hibit some extremely interesting properties such as cor- 
rosion resistance, high temperature strength, and a 
very high modulus of elasticity. These properties com- 
bine to make this metal adaptable for such critical 
applications as jet engine buckets and guide vanes, dies, 
valves and valve parts, electrodes in glass melting fur- 
naces, boring bars for machine tools and electric fur- 
nace parts. 

Titanium has proved an effective alloy- 
ing element for moly metal, promoting in- 


If man was slow to realize the value of molybdenum 
in metallurgical applications, he was doubly so in dis- 
covering the usefulness of its chemical compounds. Al- 
though there were some chemical applications before 
1940, it wasn’t until around this time that applications 
for moly chemicals began to take on significance. The 
principal moly compounds used in the chemical process 
industries are: molybdenum disulfide, molybdic oxide, 
sodium molybdate (anhydrous crystals), and ammonium 
molybdate. 


Molybdenum Disulfide Lubricants and Fillers 


New designs and increased service requirements in 
the automotive field and in industrial equipment has 
intensified the need for lubricants which perform 
effectively under critical operating conditions. For this 
reason, molybdenum disulfide, which has unusual pro- 
tective properties under extreme conditions, is finding 
growing use as an additive to greases and oils (it also 
is used as a dry film or solid lubricant). MoS» sustains 
lubrication thanks to its unique combination of physi- 
cal properties: it films out on surfaces; it provides a 
strong, durable film; it maintains a low coefficient of 
friction; it remains thermally stable; and it resists 
chemical attack. 

A great many maintenance problems—unresolved 
for years—have been suddenly overcome due _ to 
MoS:» lubricants. Oils and greases containing this addi- 
tive have proved effective under such severe operating 
conditions as: extreme pressures; extreme tempera- 
tures; corrosive environments; inaccessibility for re- 
lubrication; and motions of reciprocation, oscillation, 
and sliding. 


creased high-temperature strength. Other 
materials such as vanadium, tungsten and 
chromium also have been used for this 
purpose. The over-all strength of moly-base 
alloys is unusually good, when protected 
from oxidation, even at temperatures 
greater than 1600° F. 


Molybdenum Chemicals 


The chemistry of molybdenum is unusual 
—so unusual that it was described by the 
late Edgar Fahs Smith as “ambidextrous, 
bisexual and polygamous.” It has valences 
in stable compounds of 0, 2, 3, 4, 5 and 6. 
It forms many simple cations and anions. 
Its complex anions make up an enormous 
family of heteropoly acids of high mole- 
cular weight. And its oxides and salts 
combine with organic hydroxyl and car- 
bonyl compounds. Such a combination of 
properties makes for great versatility. It 
is this versatility which has helped estab- 
lish moly as one of the principal heavy 
metals used as a raw material in the chemi- 
cal industry. 


Deer IN THE HEART of the Climax Molybdenum Company mine at Climax, 
Colorado, where moly ore is secured. Situated at a height of 11,320 feet, 
this is the largest underground mine in the world, supplying the major 
portion of moly mined in the U. S. and the free world. It has an 
average daily production of well above 34,000 tons of moly ore—enough to 
fill some 927 freight cars or a train stretching 9 miles in length. 
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Louts Promos, sole producer of Ambrosia melons, compares 
a melon treated with molybdenum (/eft) with an untreated 
melon (right) on his farm in Leesburg, Virginia. Mr. Promos 
attributes an improvement in melon quality, size, color, and 
taste, in addition to a boost in yield, to treating his vines 
with sodium molybdate. Moreover, moly treatment increases 
the number of runners per vine from 3 to 7 and speeds up 
growth, he claims. 


Mr. Promos treated his melon crop by spraying a water 
solution of sodium molybdate——1 ounce to the gallon—around 
the hills and vines. With an application of about 6 ounces 
of the molybdenum chemical per acre, a definite response 
was noted within 48 hours. 


Molybdenum disulfide is a chemical having a mole- 
cular weight of 160.08, a melting point of above 2700°F, 
specific gravity of 4.8 to 5.0, and a hardness of 1 
(Mohs Scale). It has a high affinity for most metals. 


Once a film of molybdenum disulfide is established, 
it will provide effective lubricating action at tempera- 
tures between —100°F and +750°F in air. In a 
vacuum or inert atmosphere it does not show any 
change in structure or composition, even after heating 
above 2000°F. A chemically stable compound, it is un- 
affected by water, oil, alkalies, and most acids (except 
aqua regia and hot concentrated sulfuric and nitric 
acids). 


MoS, is used as a filler for non-metallic solid ma- 
terials in addition to serving as a lubricant additive. 
Its lubricating properties plus its unique ability to im- 
prove combinations of various mechanical properties 
make it valuable for this purpose. It is blended with 
finely divided nylon powder and extruded into molding 
pellets for use in making suspension bushings for 
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trucks, rotors for airplane fuel pumps, and other such 
parts. Molybdenum disulfide also is used as a filler for 
phenolic laminates, other plastics, rubber, and asbestos. 


Molybdenum in Agriculture 


Molybdenum has been proved to be an essential ele- 
ment in plant nutrition. Trials in recent years have 
shown that where soil is low in moly content, addition 
of small quantities of sodium molybdate, molybdic oxide 
or ammonium molybdate can have dramatic results. 
Moly’s primary function is to allow bacteria living in 
the nodules of plant roots to perform their normal 
function—that of fixing atmospheric nitrogen. 

The first significant success story regarding the use 
of moly treatments came from Australia. Before the 
discovery that moly could be added to the soil, it was 
virtually impossible to produce healthy legumes on some 
of the slopes of that country. Now, addition of a com- 
bination of moly and lime makes possible luxuriant 
pastures where barren waste land once existed. Lands 
formerly supporting ‘4 sheep per acre are now sufficient 
for 4 sheep per acre. The U. S., too, has witnessed sur- 
prising results. In 1956, for example, pea growers in 
eastern Washington and western Idaho treated over 
5000 acres with sodium molybdate and obtained aver- 
age yield increase of 50% and a net increase in gross 
income of $35 per acre. 


Moly Catalysts 


Moly chemicals are used widely today as catalysts in 
numerous manufacturing processes. The petroleum in- 
dustry represents the largest consumer of moly cata- 
lysts. The race for higher and higher octane and low 
sulfur content ratings since World War II has led to 
development of new catalytic refining processes where 
moly is one of the preferred catalytic materials. Its 
chief advantage lies in the fact that it is resistant to 
sulfur and other poisons. And the relatively low cost 
of moly catalysts makes possible the use of efficient 
fluid-bed and moving-bed systems in several of the 
octane improvement systems. 


Molybdenum is used in some of the preferred cata- 
lysts for the hydrogenation of coal and shale oils to 
liquid fuels. The chemical industry presents the great- 
est variety of catalytic processes based on moly, al- 
though it accounts for a relatively small portion of the 
moly catalyst market. The chief use is in oxidation 
processes (conversion of methanol to formaldehyde, 
benzene to maleic anhydride, toluene to benzaldehyde, 
etc.). 

Molybdenum In Color 


One of the first chemical uses for molybdenum was 
in pigments, namely in molybdate chrome orange. This 
represents the only major colored inorganic pigment 
developed thus far in the 20th century. Chemically it 
consists of lead chromate made to precipitate in an 
abnormal crystal structure by the incorporation of 
lead molybdate. 

Molybdate chrome orange has a brilliant, deep red- 
dish-orange hue, great hiding power, and high tinting 

(Continued on Page 39) 
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The Small Computer And 
Decentralized Computing Facilities 


e By C. F. Flannell, B.S.Ed., (Southern Illinois University) 


Giant electronic brains have made possible the 
rapid solution of many complex problems in sci- 
ence, engineering and industry. However, the 
very excellence of their performance creates 
many difficulties. 


The small computer can be used to overcome 
many of the difficulties encountered in the use of 
the giant computer. 


Digital computers of contemporary vintage have 
made two major contributions in scientific and engi- 
neering applications which were hardly possible for 
computers of pre-electronic vintage. First, they have 
solved many problems too large for even a lifetime of 
horse and buggy methods of calculation. Second, by 
assuming the burden of repetitious computations, they 
have provided engineers with more time for creative 
thought. 


So valuable are these contributions to industrial tech- 
nology that they have stimulated a remarkable de- 
velopment in the size and speed of computers. The 
giant brains are providing engineers with answers of 
precise accuracy in cases where educated guesses were 
the rule. The wide margin of safety provided with the 
educated guess resulted in the design of inefficient 
equipment creating continuously high costs of opera- 
tion. In other cases cut and try methods involving the 
building and testing of prototypes of trial design were 
used. Now the testing of many trial designs can be 
simulated at electronic speeds to eliminate the expense 
of building and testing actual prototypes. Recognizing 
the importance of such developments, the engineer is 
quickly accepting the giant brains available to him. 


However, the use of giant brains is not without its 
price. While computers have grown to be very large 
and very fast, they have also grown to be very ex- 
pensive and very complex. The expense requires criti- 
cal scheduling for efficient use and the complexity 
makes scheduling difficult. In addition, efficient com- 
puter operation requires highly trained personnel who 
are difficult to find. Furthermore, the large computing 
installation is not flexible enough to keep up with the 
fast-changing demands of the engineering group. Hence, 
after the engineer learns to rely upon the giant brain 
and uses is regularly, it becomes the source of several 
major obstacles. 


The first obstacle an engineer faces in getting a prob- 
lem solved on a giant computer is having the problem 
programmed; that is, put into machine language. I had 
personal contact with this problem during my employ- 
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ment in a large computing installation of an aircraft 
company. The last problem which I programmed had 
waited in line to be programmed for over six months. 
The engineers finally had to make a decision on the 
metal to be used in an air frame before they received 
the results of our heat calculations. Our calculations 
showed that the temperatures involved would stay 
slightly below the melting point of the metal selected 
by the engineers. If they had guessed wrong, thousands 
of dollars and a great deal of time would have been 
lost. This was a very important problem and the engi- 
neers were very unhappy with this computing service. 
Many groups waited even longer for their answers. 


The second obstacle an engineer encounters in having 
a problem solved on a giant computer is the dual prob- 
lem of communication and scheduling after the pro- 
gramming is completed. The data must be sent to the 
central installation each time a run is made. The large 
companies which have the large computers frequently 
are widely dispersed so that inter-office mail may re- 
quire a half day for delivery. After the data arrives, 
it must be logged in, assigned a priority, punched in 
cards or tape for entry into the computer, and wait 
until the machine becomes available. Only then are the 
answers returned to the engineer. 


In some situations, the obstacle to communication 
created by the large computer installation is even more 
critical. For many engineering groups, one day or even 
one week’s service from the computing group is quite 
adequate; nevertheless, many engineers want their 
answers within a few minutes. One good example of 
this demand for quick results is in aerodynamic wind 
tunnel applications. In many cases when a wind tunnel 
test is completed, the engineers want to see the results 
of that test before they set up the next test; this re- 
quires that the pressures, temperatures, and other 
measurements which were taken during the test be 
reduced to physical quantities which are meaningful to 
the engineer. Such a situation provides an ideal appli- 
cation for a computer. However, if the engineer must 
wait a day for these results, not only is his work less 
effective but also expensive wind tunnel equipment is 
inefficiently used. Therefore such a delay represents a 
considerable financial loss to the company. 


There are many other cases where immediate results 
are desirable. For instance, in research problems the 
engineer may first try a given set of values and then 
when he sees the results he may want to change one 
number slightly to observe the effect on the answers. 
If he must wait a day or two for his answers, he is 
less inclined to try a new value. When he gets an 
answer which is close enough, he is inclined to draw 
his conclusions without trying for a more accurate 
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answer. Hence, it appears that the barrier to communi- 
cation with giant brains stultifies the experimental 
spirit. 


In spite of this discouraging picture, a great deal of 
progress has been made toward improving the system 
of communication with the central computing installa- 
tion. One method of improving communications is to 
feed data directly to the computer and receive answers 
immediately. Such a system in its ultimate form 
would be very complex indeed, and with current tech- 
niques is still impractical. The alternative method is 
to locate a computer at each source of data. The in- 
troduction of the small computer has made such decen- 
tralization possible. Hence many large organizations 
have become interested in a decentralized operation 
as a method of increasing the efficient use of their 
personnel and of breaking up the bottleneck created 
by giant brains. 


Some electronic engineering companies have _ re- 
sponded to this interest by developing very versatile 
small computers. Many of the building blocks for these 
computers were developed for use by military aircraft 
and ships where limitation of component size is impor- 
tant. The General Precision Equipment Corporation is 
using such building blocks in developing small elec- 
tronic computers. The Royal McBee Corporation which 
has developed an international sales and service or- 
ganization for its typewriters, office equipment, and 
business systems, is marketing these computers. These 
two organizations have combined their facilities to 
produce and market the Royal Precision line of data 
processing equipment. One of these products is the 
LGP-30 computer, a small electronic computer designed 
primarily for scientific applications. 


What comparisons can be made of the small com- 
puter with the large computer? First of all, recent 
developments with magnetic drum and disc memory 
systems have made it possible to produce a large 
memory in small computers at a relatively modest cost. 
Furthermore, a small ratio of physical size to effective 
circuitry can be maintained by the use of time-sharing 
of components. As a result it has been possible to 
develop a truly general purpose computer of small size. 
Hence, the modern small computer can solve any 
problem which can be solved on the large computer; 
the only real difference lies in the time required for 
problem solution and the amount of human supervision 
required. Modern design techniques, then, have made 
it possible to put a very powerful computer in a very 
little space. 


A second point in favor of the small computer is the 
ease of installation. Computers have been developed 
with remarkable capacity which occupy less space than 
a normal office desk, which operate from a standard 
wall outlet, and which require no more power than an 
ordinary home iron. For such computers no air con- 
ditioning is required and hence no major overhaul of 
buildings to house them as required for large computer 
installations. The cost of installation of such a com- 
puter is practically zero. 
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There are three principal ways in which small com- 
puters are being used today. One way is to use several 
small computers as satellites to a large computer in 
order to reduce the difficulties attending the use of the 
large computer. Another is to use a group of small 
computers to replace a large computer. A third way 
is to use the small computer by itself as the principal 
computing device for a company, division, or depart- 
ment. The expense of the large computer makes its 
use in this third case prohibitive. There are several 
interesting examples of such uses of small computers. 
Here is one. 


The head of the computing department of a large 
aircraft company, after a six month feasibility study, 
recommended to management that they open the bottle- 
neck of the central computing installation by purchas- 
ing a group of small computers to be located in various 
engineering departments. Their central computing in- 
stallation operates on an “open shop” basis where the 
engineer does most of his own programming. This pro- 
gramming is simplified by an algebraic interpretive 
routine which translates algebraic expressions into 
computer language. 


The programming procedure was to remain un- 
changed with the installation of the small computers. 
The engineers would continue to program their prob- 
lems in algebraic form using the interpretive routine 
to translate this algebra into machine instructions. The 
engineer who had a small computer in his own depart- 
ment would use an interpretive routine which would 
produce a program for the small computer rather than 
the large computer. The engineer then would return 
to his small computer where his problems could be 
solved without the delay of sending the data to the 
central installation and waiting for it to be returned 
a day or perhaps a week later. With this system the 
engineer would make only one trip to the central instal- 
lation or send information to the central installation 
only one time. Then he could continue to use his pro- 
gram independent of the central computing installation 
until he chose to solve another problem on the computer 
or make a major modification of the existing program. 


The LGP-30 computer was recommended for this 
application because its order structure is compatible 
both with the large IBM computer and the Univac com- 
puter which this aircraft company is using. They 
planned to punch the program on IBM cards and use 
a card-to-tape converter or if the Univac computer was 
used, they would punch the program tape directly from 
the computer. The engineer would return to his depart- 
ment with a program tape ready for entry into the 
small computer. 


The LGP-30 has been chosen to augment a large 
computer installation in another way. The compati- 
bility of LGP-30 code with the codes of large computers 
has led to its use in program check-out. Anyone who 
has worked in a central computing installation realizes 
that an engineer rarely states his problem in the first 
writing exactly as he wants it; invariably he wishes 
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Microwave Propagation Well Beyond 
The Horizon From Mareoni to the Present* 
e By Thomas J. Carroll, Ph.D., (Yale University) 


STAFF MEMBER, LINCOLN LABORATORY, MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


Recently, research on the propagation of radio 
waves shorter than a few meters has disclosed 
that their utility is not limited by the horizon. 
They can be usefully propagated over distances 
of several hundred miles when sufficiently high 
powers and large antennas are used, both for 
voice communications and for television. There 
continues to be much dispute about the mechan- 
ism of this kind of propagation well beyond the 
horizon caused by the troposphere, but it seems 
certain that a major new radio industry is de- 
veloping from use of this so-called “scatter prop- 
agation.” 

It is arresting and fascinating to realize that 
Marconi himself performed the first experiments 
a quarter century ago, unappreciated until re- 
cently by radio experts generally. 


The following talk was presented at the open- 
ing session of an International Colloquium on 
Wave Propagation at Paris, September 17, 1956, 
and was first published (in a French translation) 
in the May, 1957 issue of L’Onde Electrique. 


1. Introduction: A Master’s Prophecy 


I begin with two quotations from Marconi. The first 
comes from the introduction of a speech delivered on 
December 2, 1932, “Electromagnetic waves under one 
metre in length are usually referred to as Quasi-Optical 
waves, the general belief being that with them, com- 
munication is possible only when the two ends of the 
radio circuit are within visual range of one another; 
that consequently their usefulness is defined by that 
condition. 


“Long experience has, however, taught me not always 
to believe in the limitations indicated by purely theo- 
retical considerations or even by calculations. These— 
as we well know—are often based on insufficient knowl- 
edge of all the relevant factors. I believe, in spite of 
adverse forecasts, in trying new lines of research, how- 
ever unpromising they may seem at first sight!.” From 
the end of the same paper there is the remarkable 
prophecy: “In regard to the limited range of propaga- 
tion of these microwaves, the last word has not been 
said. It has already been shown that they can travel 
round a portion of the earth’s curvature, to distances 
greater than had been expected, and I cannot help but 


* The research in this document was supported jointly by the U. S. 
Army, U. S. Navy and U. S. Air Force under contract with the 
Massachusetts Institute of Technology. 


reminding you that at the very time when I first suc- 
ceeded in proving that electric waves could be sent and 
received across the Atlantic Ocean in 1901, distin- 
guished mathematicians were of the opinion that the 
distance of communications, by means of electric waves, 
would be limited to a distance of only about 165 miles.” 
The next Marconi quotation has the date August 14, 
1933, is from a speech entitled, “On the Propagation of 
Microwaves over Considerable Distances,” and was made 
in describing his 500 Mc experiments with 25 watts of 
power in reflectors of two meters aperture, between the 
Italian mainland and his yacht Elettra during the sum- 


Marcont’s TRANSMITTER and Receiver installed in the Vatican 
(1932). 
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Armstrong, ref. 3 in text. A photograph of antenna 


installations at the M. I. T., Lincoln Laboratory Round Hill Field Station near New Bedford, Massachusetts. The small 17-foot 
antenna used to receive voice transmissions from Armstrong’s Alpine, New Jersey laboratory 167 miles away in 1953 is the 
second antenna from the left, to the right of the cylindrical tower on which a 60-foot antenna is mounted. 


mer of 1933°. “In spite of the fact that the optical dis- 
tance was only 30 kilometers, the radio telephonic and 
radio telegraphic signals sent by the transmitting sta- 
tion were received on the yacht with clarity, great 
strength, and regularity at a distance of 150 kilo- 
meters, that is at 5 times the optical distance.” ... “The 
theoretical explanation of the results obtained when 


the wavelength employed is taken into account presents, 


in my view, serious difficulties, even when using the 
ealculations involving diffraction and refraction indi- 
cated by Pession in his paper, ‘Considerations on the 
Propagation of Ultra-Short Waves and of Microwaves.’ 


“The speculations that may arise from such results 
concern the entire theory of radio transmission over 
distances greater than the optical one.” 


These sentences describing the 1933 experiments on 
500 Me were first read by me in an English translation 
from the Italian original in March, 1956. I have not 
yet met a contemporary propagation specialist who was 
aware of the prophetic little paper published in Italian 
by Marconi in 1933. My amazement at the clairvoyance 
in these words induced me to offer these historical re- 
marks to the Colloquium. Even before the theoretical 
arguments over the explanation are settled, it is inter- 
esting to meditate on some of the events of the two 
decades of radio propagation history which elapsed 
before we realized the importance and significance of 
these early forgotten experiments. Surely the barest out- 
line of the facts is arresting enough perhaps to induce 
historical ruminations in young researchers about radio 
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history. Returning to the wavelength of Hertz’s dis- 
covery, and of his own early demonstrations with cop- 
per bow! reflectors in England in 1897 on the Salisbury 
plain, Marconi when he returned to the communications 
possibilities of this part of the radio wave spectrum 
in 1931, had the additional stroke of genius to suspect 
and to verify his suspicions that the line-of-sight would 
not be the limitation generally believed to the distances 
over which these microwaves could be usefully propa- 
gated. Unfortunately enough, the line-of-sight shib- 
boleth became gradually restored to expert and lay 
opinion for several decades more, before the truth of 
Marconi’s vision began to dawn on us. In the 1953 
words of fellow inventor, Armstrong, a lifelong ad- 
mirer of Marconi, “When we remember the low power 
available for transmission and the crudeness of the 
equipment with which Marconi accomplished the 168- 
mile transmission, and consider the incomparably su- 
perior equipment that has been available to us from 
the technical developments of World War II, the 
wonder is that his prophecy went so long unheeded, 
and that the investigations of the past few years were 
so long deferred. Certain it is that with the tools at 
hand, we have taken a long time to catch up with the 
prophecy®.”’ 

I now plan to try to epitomize briefly the climate of 
opinion about propagation of microwaves beyond the 
horizon during three time periods, the nineteen thir- 
ties, nineteen forties, and nineteen fifties, and to follow 
with a few words, which seem even now fairly clear in 
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the historical rec- 
ord, about the 
way radio history 
repeats itself, the 
interdependence 
of theory and ex- 
periment in dis- 
covering the laws 
of nature govern- 
ing radio wave 
propagation, and 
the profoundly 
human side of 
this developing 
tale, particularly 
appropriate to 
the present time, 
and about which 
we should surely 
strive to learn 
more. It now ap- 
pears that Mar- 
coni, who did not 
consider himself 
a physicist but 
who was awarded 
the Nobel prize 
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Openinc session of International Colloquium on Wave Propagation, Paris, 
September 17, 1956. Left to right: Academician V. A. Fock (USSR); B. 
Decaux, President of the French National Committee of the International 
Scientific Radio Union; Prince Louis deBroglie, Nobel Prize winner for 
Physics (1929); R. Rigal, President of the Society of Radioelectricans; 
T. J. Carroll, M. I. T., Lincoln Laboratory; Prof. P. David, at lectern. Note 
earphones and transistorized pocket receivers for the simultaneous French- 
English translation system used. 


seemed at least 
some of the time 
agreement be- 
tween measured 
fields and fields 
calculated from 
diffraction theory 
about an airless 
4/3 earth. The 
theoretical curves 
then came unfor- 
tunately to be be- 
lieved at dis- 
tances far beyond 
the horizon, 
where experi- 
mental checks 
had not been car- 
ried out, and 
where retro- 
spect we can see 
that the calcu- 
lated fields are 
much too small to 
account for ob- 
servations such 
as Marconi’s car- 


for physics in 

1909, who had al- 

ready made two revolutionary discoveries about long 
and short wave propagation, was in 1932-1933 correctly 
suspecting beyond-the-horizon usefulness of micro- 
waves, a prophecy which was fated to be disbelieved 
by professional physicists and engineers for two dec- 
ades, despite the numerous researchers and enormous 
material resources devoted to the subject under the 
lash of a world war. 


2. The Nineteen Thirties: Pioneering Years, Without 
Curved Earth Theory, and Later With Excessive 
Reliance on it 
Judging from the published articles, the early ex- 

perimenters on meter wave broadcasting and communi- 

cations in the early nineteen thirties appeared to be 
not too surprised that high power sources allowed fields 
to be propagated well beyond the horizon, presumably 
because the numerical theory of how weak the diffracted 
fields should be on these frequencies was not available. 

Even for the decimeter waves of Marconi’s experiments 

in 1932 and 1933, two experimenters in the United 

States published corroborating observations on propa- 

gation of UHF well beyond the horizon‘. °. Toward the 

end of the decade, the quantitative theory of diffraction 
for short waves and microwaves was worked -out, with 

a predicted rapid exponential attenuation beyond 

the horizon of about 1 db/km at 500 Me, and over 

2 db/km at 5000 Mc. Plausible arguments were given 

for replacing the true earth radius by approximately 

4/3 this value to allow for normal air refraction 

in the lower troposphere, before calculating the field 

diffracted around the earth bulge. For a few tens 
of kilometers beyond the 4/3 earth horizon, there 


ried out before 

the calculations 
were made". *. Curiously enough, meter wave measure- 
ments made continuously over more than a year in 
1935 in New England by amateurs over distances of 
5 times the line-of-sight distance are among the earliest 
indications of the incompleteness of the professional 
theoretical views’. It appears that the amateurs’ lack 
of understanding of then current pessimistic views 
held by professionals about reliably overcoming the 
line-of-sight shibboleth without any help from the 
ionosphere saved them once again from believing some- 
thing that was not so. “It is not so much what we don’t 
know that gets us into trouble, it’s what we know that 
isn’t so.” By the end of the decade of the 1930's, 
everyone seemed to believe in the calculated 4/3 earth 
curves; experimenters accepted the mathematical dem- 
onstrations without understanding the limitations, and 
mathematicians were unaware of the limited nature of 
the experimental checks, and the discrepancies with 
experiment well beyond the horizon. 


3. The Nineteen Forties: Discovery of Super-refrac- 

tion and Unexpected Interference Fields 

During the period of the Second World War, the 
enormous development of radars, including those in the 
unexploited spectral region of centimeter waves, fo- 
cussed attention at first on propagation within the 
horizon, since a radar echo involves a two-way propa- 
gation loss, and even the most powerful radars nor- 
mally detect only targets above the horizon. The cal- 
culated values of diffracted fields beyond the 4/3 earth 
horizon came to be called “standard propagation” 
when texts were written for the increasing numbers of 
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users of radar and communication devices on meter and 
microwave wavelengths. Next the discovery was made 
in France of “anormal” propagation of 10 cm waves”, 
in 1941, and independently in England of the phenome- 
non there called “anomalous propagation,” to distin- 
guish it from the “normal” or standard type!”. 


Thus, almost the same term was used inde- 
pendently in France and England to describe the occa- 
sional propagation especially of centimeter waves to 
distances far beyond the normal horizon. Later the 
name more generally applied in England and the 
United States came to be “super-refraction” or “duct 
propagation.” A very extensive effort both theoretical 
and experimental was undertaken in Allied countries 
to understand this striking radio analogue of optical 
mirage, caused by the occasional presence of almost 
horizontal layers in the atmosphere in which the rate 
of decrease of refractive index with height exceeds 
geometrical earth curvature, instead of being only 1/4 
of earth curvature. The outstanding wartime success 
of the wave theory of super-refraction consisted of 
showing why the effect is much more striking and 
prevalent on centimeter than on meter wavelengths: a 
much greater duct-layer thickness is required for the 
effective trapping of energy of meter wavelengths than 
of centimeter wavelengths!'. The effect of elevated 
super-refracting layers was intensively investigated, 
especially along the California coast, although calcu- 
lated plane wave reflection coefficients of idealized 
elevated layers never successfully accounted for the 
observed fields well beyond the horizon as observed on 
centimeter and decimeter wavelengths'-. Nevertheless, 
the idea persisted that propagation beyond the horizon 
should relapse back to the pessimistic 4/3 earth values 
when the atmospheric index variation with height was 
essentially standard, and free of super-refracting lay- 
ers either at the surface or aloft. 


Toward the end of the war, theorists in England 
had the idea that over certain seas, the humidity de- 
crease with height might be rapid enough to cause a 
surface super-refracting duct to be present nearly all 
of the time, of sufficient thickness perhaps to trap 
semipermanently a centimeter wavelength!*. This theo- 
retically predicted effect was found, in 1945 experi- 
ments in the Carribean'*, and in 1946 in the Pacific!®. 
A different and unpredicted effect noticed for 9 cm 
waves was that at distances beyond 80 nautical miles, 
the fields had a much lower attenuation rate than the 
current duct theory could account for, of the order 
0.1 db/km, as well as rapid fading, and little depend- 
ence on antenna height. Similarly, attempts to calculate 
from wave theory of super-refraction observed non- 
optical fields beyond 100 miles as measured off the 
California coast also failed'*. Finally extensive experi- 
ments over a 46-mile path in the Arizona desert investi- 
gated propagation in the natural diurnal cycle of sur- 
face ducts found there, but also showed up persistent 
and omnipresent disagreement with classical 4/3 earth 
diffraction theory especially for centimeter waves well 
below the horizon during the duct-free daytime atmos- 
pheric conditions'?. 
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Following the end of the Second World War, atten- 
tion returned to propagation problems of frequency 
modulation and television broadcasting. After many 
FM and TV broadcasting stations came into operation, 
the complete inadequacy of the classical spherical earth 
diffraction theory for predicting interference fields well 
beyond the horizon became apparent from actual inter- 
ference experience. This interference led to a three 
year stoppage in the construction of TV stations in the 
United States beginning in September 1948'*. By the 
end of the decade, high power 400 Mc experiments in 
Iowa!"”, and 3000 Mc North Sea observations?" con- 
tinued to increase the experimental evidence that some- 
thing was seriously missing from our understanding of 
how radio waves propagate through the troposphere 
well beyond the horizon, on all VHF and microwave 
frequencies, at all times and places. 


4. The Nineteen Fifties: Discovery of Reliability, Com- 
munications Capacity and Several Explanations of 
Propagation Well Beyond the Horizon 


So far, a major achievement of our own decade has 
been the discovery of the omnipresence of reliable 
trans-horizon tropospheric fields, for communications of 
considerable bandwidth, on carrier frequencies in many 
thousands of megacycles of the microwave spectrum, 
which were regarded in earlier decades as fatally 
limited to low-power line-of-sight applications. The 
decade of the nineteen forties had recognized only the 
occasional anomalous propagation of microwaves be- 
yond the horizon, but mistakenly presumed all tropo- 
spheric propagation well beyond the horizon to be simi- 
larly unreliable, and a cause only of interference 
fields?'. Concurrently, during our decade the lively 
discussion of several proposed explanations of the 
omnipresent fields seems to have stimulated both ex- 


perimental progress and rival theories=*. 

Synopsis of the period begins properly with 1949 
when there was an attempt to relate the mysterious 
“angel” echoes from a visually clear atmosphere on 
microwave radars with the equally puzzling omni- 
present tropospheric propagation well beyond the hori- 
zon=*, The unexpected result, however, was the demon- 
stration that most “angel” echoes in the Arizona desert 
were caused by insects and therefore unrelated to the 
scatter propagation phenomenon, as the fields well 
beyond the horizon began to be called. The hypothesis 
of incoherent scattering from turbulent fluctuations of 
the atmospheric index of refraction began to be system- 
atically explored as a possible cause of the weak and 
fading fields now suspected to be omnipresent more 
than a few tens of kilometers beyond the horizon on 
all frequencies affected primarily by the troposphere=°. 
Microwave refractometers made it possible to measure 
directly the tropospheric index of refraction in much 
finer detail than was formerly possible, especially the 
fluctuations caused by inhomogeneities of water vapor 
distribution’. For overland paths, deviations of the 
earth’s surface from perfect sphericity were suspected 
by some to be a contributing cause". 
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The rise of several hypotheses for explanation of the 
effect seemed to stimulate more experimental effort. 
For stimulating experiments, even a theory or hypothe- 
sis which turns out wrong seems preferable to none 
at all. The first five kilowatt klystron transmitter on 
1000 Me proved able in the last half of 1951 to propa- 
gate fields reliably over 400 miles in Colorado, 300 miles 
beyond the horizon?*. While the continual second-to- 
second fading of the fields well beyond the horizon made 
them look at first glance less useful than the steady 
fields at ranges within the line-of-sight, yet it had 
already been observed first in Arizona and then in New 
England=* that the shapes of microsecond pulses over 
non-optical centimeter wave paths appears to be pre- 
served, for the most part. High power VHF broad- 
casting®” and point-to-point communications*! well be- 
yond the horizon seemed always to indicate no impair- 
ment of the modulation when the signals were suffi- 
ciently above noise level. 


Once the fields well beyond the horizon from sources 
of high effective power were realized to be omnipresent, 
some investigators began to wonder whether the phe- 
nomenon should properly be considered to be only an 
unwanted interference effect. Perhaps, after all, the 
fields could be put to constructive uses, despite the long 
tradition of the line-of-sight shibboleth for micro- 
waves*"a, This possibility required that knowledge be 
gained about any possible degradation to the modula- 
tion by the still mysterious propagation mechanism. 
Systematic experimental efforts to discover any in- 
herent bandwidth limitations of the propagation mech- 
anism responsible for twilight region propagation were 
undertaken in 1953, with both wide band frequency 
modulation and pulse experiments. The results have 
been extremely encouraging, for up to the present time, 
using narrow beams, no serious degradation of modula- 
tion bandwidths at least up to the 4 Me bandwidths 
required for transmission of television images have 
been observed on considerably non-optical tropospheric 
paths**. After these experiments, it appears certain 
that many thousands of megacycles of the microwave 
radio spectrum are capable of providing reliable non- 
optical communications paths to several hundred kilo- 
meters, provided only that the high power and large 
antenna requirements can be provided for the band- 
widths required. Since mankind seems always capable 
of finding uses for radio waves for which there is no 
available spectrum space, there is understandable cause 
for elation that nature does after all permit the reliable 
use of the relatively broad microwave spectrum without 
relays over distances much larger than line-of-sight. 


The large antennas (up to 60 feet aperture) and 
high power transmitters (up to 50 kw) which have 
created in the last three years many UHF and micro- 
wave communication links of length considerably in 
excess of the line-of-sight, afford more tangible evi- 
dence than mere words of the power of the right idea**. 


Finally, it has been suggested that the fields well 
beyond the horizon may be considered as guided waves 
in the normal air layer, idealized to be a tapered layer 
of air dielectric*’. The effect is attributed to coherent 


molecular scattering as in optical dispersion theory 
and is thought closely analogous to optical twilight in 
clear air. The guided wave theory thus attributes a 
portion of twilight field to the idealized air stratifica- 
tion caused by gravity, to which fields caused by micro- 
meteorological turbulence or super-refracting layer 
effects may at times be added. Whatever combination 
of mechanisms proves responsible, the omnipresent 
weak fields beyond the horizon seem related in their 
permanence more to ground wave propagation than to 
the fields propagated by the highly variable ionosphere. 


5. Several Lessons and a Plea for Early History 


Radio history seems to be repeating itself. Once 
again, the useful applications of tropospheric propaga- 
tion well beyond the horizon are being made before 
scientists have come to agreement over what has been 
discovered, as has happened so often before in radio 
history. De Broglie spoke as follows in Paris ten years 
ago about the radio history of the first quarter of this 
century, when professionals regarded the long waves 
as the only important ones, and consigned the “useless” 
ones shorter than 200 meters to the amateurs, not with- 
out a certain disdain. 


“The mishap suffered by the protagonists of long 
waves involves this lesson: it shows how necessary it 
is to guard against holding too completely to theoretical 
considerations in problems where one is not sure of 
having been able to take account of all the relevant 
data (and is one ever sure of knowing all the data of 
a problem?). If theory has frequently guided scien- 
tific researchers and resulted in admirable discoveries, 
if it is necessary for the progress of science, it has 
also at times been able to delay these advances when 
we have relied too blindly on certain of its conclusions 
which are always subject to revision*®.” 

It was neglect of the ionosphere which led to the 
mishap suffered by the protagonists of long waves for 
the first quarter of the century, but this time it appears 
to be the neglect of the full effect of the air ocean in 
which we live which led to the neglect of the beyond- 
the-horizon capabilities of tropospheric propagation for 
nearly another quarter century. 


Yet in a deeper sense, the point really being demon- 
strated by this developing bit of radio history is really 
the interdependence of theory and experiment in man’s 
struggle to discover more of nature’s laws. If the 
guided wave theory turns out to be the surviving ex- 
planation, then we can be grateful that it was the 
wartime pressures in the United States and England 
which caused several theoretical physicists normally 
interested in Schrédinger’s wave equation to apply 
methods common to wave mechanics to the enrichment 
of solutions of the older Maxwell equations of radio 
wave propagation®®. Throughout the radio history I 
have been trying to epitomize, there are clear instances 
where lack of theoretical understanding of the mean- 
ing of experimental measurements delayed their full 
utilization just as surely as the docile acceptance by 
experimenters of an incomplete theory of curved earth 

(Continued on Page 38) 
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Inquisitiveness is a natural trait in children. 
Even in the kindergarten, science can be used to 
challenge the child with interesting and meaning- 
ful experiences. 

Mrs. Zehner outlines a simple project that can 
be used to associate the child's daily experience 


with the study of science. 


A kindergarten or primary school project has served 
an all important and basic purpose if it has provided 
a bridge between a child’s own real world of taste, 
smell, and feel and some simple book or other tool of 
education. 

If that bridge has not been provided in kindergarten, 
some children drudge through several grades seeing in 
the rote of school only something unreal and unimpor- 
tant which elders have forced upon them. 

The first time a kindergartener sees a real bird at 
close range at a window bird feeder and then runs to 
look again at some bird picture he has seen, he has 
crossed an educational bridge. When he finds joy in 
comparing, in detail, things of his world with their re- 
productions in books around him he has become a stu- 
dent interested in research. 
Everything the teacher does to bring the child’s own 
world into the schoolroom and then explain about it 
with pictures, books, and projects in a playworld at- 
mosphere helps to sell school to the pupil in a most 
natural way. 

Nature provided the inquisitive child. Guiding that 
natural inquisitiveness into orderly research is a high 
accomplishment of teaching. 

Unless, almost by subterfuge in some instances, a 
teacher plans the use of books and other tools of knowl- 
edge in association with childish inquisitiveness, there 
can be a period during which school is just an annoy- 
ance to even a bright child. 

Once a child has found that something he sees or 
handles becomes vastly more interesting when, on his 
own, he reads about it or studies a picture, education 
has another convert. 

It is possible for pupils actually to pass through one 
or more grades without using any part of what they 
have learned. 

The extent to which some simple gadget of nature- 
lore, play, or handicraft can be usefully associated with 
reading, writing, and arithmetic is limited only by the 
skill, patience, and ingenuity of a teacher. 

The purpose of this preamble has been to explain 
why it is practical to spend precious school time teach- 
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ing such projects as the making of pine cone bird feed- 
ers and pomanders. These are but examples of scores of 
projects which are useful in helping pupils become in- 
terested in research, the natural pathway to knowledge. 

If study material and pictures from many sources 
relating to projects used in elementary science are not 
provided before a project is started and as it progres- 
ses, the true purpose of this method of education is not 
being accomplished. 

In my classes pupils begin the project of making 
pine cone bird feeders by planning the assembling of 
necessary materials. They also plan in advance for the 
selling of some of the feeders to buy feed to attract 
birds to our schoolroom windows. Simple problems of 


Comine iN FoR A LanpinG anp Luncu — This black capped 
chicadee appeared out of nowhere with a lilting chirp of 
approval within two minutes after this seed studded suet pine 
cone was hung to a branch. His pal on the branch above 
awaits his turn at one of the favorite feed sources of many 
winter birds. 
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Fincers Prerare a Biro Feast — Gordon Miller does 
a fine job of loading a dried pine cone with coarsely ground 
suet. He knows that even when the weather goes far below 
vero winter birds can peck loose the very type of food which 
will keep them warm and healthy. 


economics and arithmetic are involved and many pupils 
realize for the first time that arithmetic has a real 
personal use. 


The pine cones around which the chopped suet is 
moulded become more than just inanimate objects. On 
another tangent the fundamental facts of tree life and 
reproduction are studied. This study material is pro- 
vided first in oral narrative and then by bookshelf 
Visits. 

Pine cone bird feeders have been used many times 
as a project for several reasons. Pupils enjoy making 
them. No great skill is required. They have a practical 
value. Materials required are readily available. 

A seed-studded, suet encased cone will attract more 
birds in wintertime than most any other type of feeder. 


School study of ornithology is simplified by having 
the birds fly to the schoolroom windows rather than 
to have pupils walk to see the birds. Even in rather 
densely populated cities most birds which -winter in 
temperate latitudes eventually will find properly placed 
bird feeders. 


Our bird feeders are made from well dried pine cones 
from six to eight inches in length. Wholesale florists 
usually stock them for decorative purposes. Fresh suet 
is cheaply available at almost any shopping center 
meat market. It should be obtained after being coarsely 
chopped in the butcher’s power grinder. Hand grinding 


is a tiresome and dangerous job. Each feeder requires 
about one pound of suet and several ounces of wild bird 
and sunflower seed. 


An 18-inch length of soft iron or copper wire is used 
to suspend the completed feeder. This is entwined tight- 
ly to the apex of the cone before filling. 


The filling operation is carried out on several layers 
of newspaper spread on each desktop. Each pupil is 
supplied with a wired cone and a pound of suet. Even 
the less interested pupils find something intriguing 
about pressing the plastic ground suet around the 
pine cone petals. After the interior of the cone is filled 
it is covered smoothly with the remaining suet and then 
is rolled in a mixture of sunflower and wild birdseed 
in a heavy paper bag. In this manner the surface of 
the cone is covered and some seed is embedded. 


Most projects involve making a cone for each mem- 
ber of the class to take home. Several are provided for 
coaxing birds to the schoolroom windows for study and 
others are sold to aunts, uncles, and friends for one 
dollar each. Those sold at Christmastime are attractive- 
ly packaged in cellophane freezer bags and tied with a 
red ribbon to which is attached small hemlock branches. 

(Continued on Page 25) 


\ Present ror Motuer—Carol Blotter patiently studs a large 
Delicious apple with cloves. When the apple is completely 
covered and it has been rolled in a mixture of cinnamon and 
orris root Carol's mother will have the perfect pleasant scent 
pomander for her favorite clothes closet. 
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In Animal And Human Nutrition 


With Some Recent Practical Experiences 


e By J. F. Wischhusen 


CONSULTANT, INORGANIC BIOELEMENTS, 


The biological sciences for well over the past 
decade have been so preoccupied with develop- 
ments that concern enzymes, hormones, antibi- 
otics, viruses, and even stimulants and tranquil- 
izers, not to mention the drugs and vaccines 
calculated to combat or destroy disease germs, 
that compounds and ions of the essential inorganic 
elements have been overshadowed, if not deliber- 
ately neglected, perhaps for financial reasons. 


“DIET FRIGHTS” featured in the daily press center 
around the disputed roles in heart disease and vascular 
troubles of unsaturated versus saturated fats, and re- 
fined carbohydrates versus their natural prototypes. 
Food processors may therefore come in for publicity, 
if not scientific scrutiny on all forms of food refine- 
ments that have taken place at the expense of nutri- 
tional values. It may be well to point out that the 
main difference between unsaturated compared with 
saturated fats is the greater number of so-called oxy- 
gen bonds held by the former and extra hydrogen at- 
tached to the latter. Both oxygen and hydrogen are inor- 
ganic bioelements; so we are in effect dealing with 
a preponderance of the one over the other. The dif- 
ference between refined carbohydrates and their natur- 
al prototypes is largely one of the removal of vita- 
mins, hemicellulose, enzymes, etc., and a conversion 
into pure starches and sugars that become empty 
calories and are ideal foods for the parasites of the 
human or animal bodies that ingest them. Cooking 
and other forms of heat treatments destroy valuable 
enzymes and even some amino acids. Cooking of foods, 
pure starches and white sugars are by many regarded 
as marks of civilization, when in fact they are ideal 
media for the growth of parasites and pathogens. 


Upheavals are possible such as the tobacco industry’s 
concern about lung cancer. In respect to this, two ob- 
servations come to mind. In the first place what is the 
reason for the existence in nature of the tobacco plant? 
To be used for smoking? Of all plants tobacco is a 
cultivated crop plant that is high in ash, in some sec- 
tions amounting to as much as 27%, which makes it 
one of the best crops to be returned to the soil as green 
manure. Tobacco stems when used as fertilizer are 
known to suppress certain parasites, such as nematodes, 
that inhabit soils. And why do people smoke? Not for 
objects of health; leaving as purposes mere pleasurable 
indulgence or the use of a mild narcotic. In the second 
place there is hardly a thing in this world that has not 


SIXTEEN 


INC., CLEVELAND 10, OHIO 


at one time or another been suspected of causing cancer. 


According to Max Gerson, M. D. cancer is a problem 
of metabolism and there is no cancer in normal. metabo- 
lism 

Metabolism means rearranging into healthy body cells 
the atoms that are contained in the nutrients ingested. 
Herein are also involved the catalysts that facilitate 
reactions without necessarily entering into them; and 
anti-metabolites that can inhibit beneficial as well as 
detrimental reactions. It is not possible to ingest only 
beneficial nutrients. Elimination of what the body does 
not require, or has used, is therefore as important as 
assimilation of what the body does require, or can use. 
But the process of metabolism, consisting of anabolism 
(build up process) and catabolism (breakdown process), 
starts with what enters the mouth, and is therefore 
under the control of the eater at eating time. In a like 
manner the feeder at feeding time controls what nu- 
trients our domestic animals are to metabolise. 


Health scares are to be expected when it is realized 
that 90 million Americans are said to be in substandard 
physical conditions. They themselves have it in their 
power to correct this by simply selecting from foods 
such nutrients as they may need for optimum health, 
longevity, and mental acuity. The sources of foods thus 
become immaterial. All food, as all matter, is composed 
of the elements, called atoms, of which 102 are now 
known. Since the animal and human bodies are part 
chemical and part physical, body structure involves 
the principles of biochemistry and biophysics, both 
exact sciences. They may be studied by anyone pre- 
pared to do so. THE SECRETS OF HEALTH ARE 
POSSESSED BY NONE OTHER THAN THOSE WHO 
ARE HEALTHY! There are said to be in this country 
some 3200 centenarians who enjoy exemplary longevity 
and health. Here are criteriae for study. In ancient 
Greece it was customary first to be a student of nature, 
and then a student of nature perverted by disease. Thus 
even today the difference between disease and health 
could be ascertained, and traced to their causes. 


At least 37 elements have been in one way or another 
linked to the fabric of life, and been classified as bio- 
elements": 3. So the student of biology in relation to 
body health is concerned with at least that number in 
the table of elements‘. A scrutiny will show that many 
of the essential elements fall into the class of heavy 
metals. They are closely related either according to 
atomic weight or other physical characteristics. For 
instance the elements #23 to 30, generally called trace 
elements, are successively apart from each other ap- 
proximately only the weight of one or two hydrogen 
atoms, or even only a few electrons, viz: 
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Element Atomic Weight Electrons 
At. No. 23. vanadium 50.95 2,8,10,3 
24 chromium 52.01 2,8,11,3 
25 manganese 54.93 2,8,13,2 
26 «iron 55.84 2,8,13,3 
27 «cobalt 58.94 2,8,15,2 
28 nickel 58.69 2,8,16,2 
29 copper 63.57 2,8,17,2 
30 «zine 65.38 2,8,18,2 


The elements heavier than the above have not been 
particularly associated as yet with biology, except: 


Element Atomic Weight Electrons 

At. No. 38 strontium 87.63 8,2. 
42. molybdenum 96.00 2,8,18,10,4. 

53 iodine 126.932 2,8,18,18,7. 


Now whether we adopt the atomic science principle 
of progressive changes from a light to a heavier atom 
through the acquisition of electronic energy, or whether 
we go by forces of gravity and centrifugation, these 
elements are neighbors, so that where one is found 
others may be expected to be present; where one per- 
form others also perform vital functions. Iodine for 
instance would not be a bioelement if not all the 52 
preceding elements had contributed to the construction 
of the higher forms of animal and human lives which 
cannot exist in the total absence of iodine. 


There are reasons to believe that all biological re- 
actions will be explained some day by the atomic science 
principle. Fertilizers may be designed to meet the spe- 
cific needs of crops in comparison with the particular 
composition of the soils on which they are to be grown. 
The presence in our soils of all essential elements and 
the nutrient-holding capacity of the soils determine 
plant growth and quality. But some essential plant 
nutrients are also obtained from the atmosphere and 
absorbed through foliage. Plant roots do not select 
from soils the elements needed by animals and man for 
transmission through feeds and foods. They construct 
their own proteins, fats, vitamins, sugars, fibers, etc., 
always with the aid of water, air, sunshine, darkness, 
and temperature changes. The last three are essential 
for photo- and starch synthesis. The concept is largely 
prevalent that when essential elements are not in the 
soil, neither plants nor animals can secure them should 
be re-examined along the principle that each form of 
life is a biologic entity, and only concerned with its own 
growth and propogation, not those of their predators. 
At best only a certain edible portion of a plant is used 
as food and feed, whereas the total plant economy em- 
braces roots, stem, herbage, seeds, etc., and there are 
hardly any plants consumed whole, or as grown in 
nature. There are more inedible and toxic plants than 
edible ones. Total rations for farm animals may be 
formulated for the various production goals, and opti- 
mum quality objectives will reflect true economics, 
over the life cycle of several generations. All foods may 
be assembled to meet the needs of man for health, 
longevity and mental acumen. A good slogan to adopt 
would be: 

all essential elements in every American acre 
all essential nutrients in all our feeds and foods 
from sources that are immaterial. 


The consequences of malnutrition manifest themselves 
very often only in later life or in the following gen- 


eration. An adequate diet before and during pregnancy 
is of the utmost importance. Premature births, babies 
too weak to live, or with deformities are all the result 
of inadequate maternal diets in which proteins and 
minerals play dominant roles, but all food groups are 
involved. Young women should be taught to eat well 
rounded diets—one that contains adequate amounts 
of high quality proteins such as meat and dairy pro- 
ducts, and of fruits and vegetables, as much in their 
raw but properly ripened state as possible, whole 
grain breads and cereals, and unprocessed fats not 
overheated, to supply the needed energy for the time 
to bear children. These foods can be obtained economi- 
cally, in fact in terms of nutrient values they cost less 
than modern refined baked goods, processed starchy 
foods, soft drinks, sugars, and candies. 


The nutritional approach to both health and disease 
will no doubt gain acceptance to the extent that people 
become conscious that they are what they eat or their 
ancestors have eaten, and what the more or less ever- 
changing total environment factors are. Enough of the 
right kind of food may prevent juvenile delinquency, as 
well as industrial accidents, and absenteeism. The laws 
of chemistry and physics worked 4000 years ago the 
same as now and will in the centuries to come, so it be- 
hooves us to understand them and apply them for our 
benefit. Pertinent articles on this subject have appeared 
in the Science Counselor from time to time, and a num- 
ber of them are listed under references to the litera- 
ture?. 4. 6, 7, 5, 

Some recent practical experience concerns the re- 
search work of John D. Haseman, Ph.D. who has de- 
voted a lifetime of study to the catalytic actions of 
activated carbon and silicon that produce large col- 
loidal changes due to their energizing of hydrogen and 
hydroxyl-ions made from water by their energies of 
activation. The activating agent can be either hydro- 
chloric acid or photo-chemical energies of 3000 to 4200 
A° of ultraviolet light®. He states that activated car- 
bons and silicons under proper vital conditions can 
put in or take out hydrogen-ions, hydroxyl-ions, or 
oxygen-ions as often as 160 times without reactivation 
or re-energisation. This ability of the three factors 
carbon, silicon, hydrochloric acid plus a host of other 
regulatory materials which of course include all es- 
sential “minerals”, vitamins, and hormones, etc., may 
modify the operation of Mendel’s law of genetics, and 
the existing theory of the genes; because the gene 
shiftings, gene cross-overs and gene interchanges do 
not cause the changes in the differentiation of char- 
acters as is now claimed, but changes in the wave 
lengths, etc., of the energies of activation can cause 
these character changes. The human body for in- 
stance may be considered a colloidal sack, essen- 
tially composed of water, hydrogen- and hydroxyl-ions 
that penetrate every portion of the sack. The tre- 
mendous potential energies that can be exerted by the 
human and animal bodies must have a source that is 
only indirectly related to food metabolism. Hence 
there is a basis for the Haseman contention that special 
amorphous carbons and silicons activated with hydro- 
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chloric acid or light intensities of 3000 to 4200 A 
assume special importance as keystones of animal and 
human life. The activated silica normally plays a role 
in plant growth, in making fats, starches and proteins 
for the animal kingdom. 


In medical practice activated carbon and silicon ma- 
terials have proved of value in regulating stomach 
activities, the central seat of food metabolism, and in 
preventing irritations of the gastro intestinal tract, 
such as: esophagitis, gastritis, duodenitis, spastic coli- 
tis, mucous colitis and food allergy!”. Interest in hydro- 
chloric acid is revived by the re-publication of the book 
“Three Years HCl Therapy'!. All cancer cases are 
known to be deficient, among other things, in hydro- 
chloric acid. Bursitis, osteoarthritis, cysts, kidney- and 
gall-stones when due to excesses of calcium or other 
alkali-compounds, fibroids and blood carbonates are 
reported to have been successfully treated with HCl 
injections or oral administrations of glutamic acid 
hydrochloride. Livestock, too, of course, benefits by 
a feed supplement of hydrochloric acid in the case of 
a deficiency of this essential body acid, or in the case 
of excesses of calcium and other alkalies. 

Then there are various experiences with inorganic 
cobalt compounds. Cobalt received no recognition as an 
essential element until it was shown that Vitamin By» 
is a cobalt complex. It might just as well be classed 
a phosphorus complex because there is one atom each 
of Co and P present in the B;» molecule. The other 
elements vary, but the formula generally accepted for 
Vitamin Bie is Ces Hoy Or, Nia P Co. It can be seen 
that in the synthesis of Vitamin B,», the two inorganic 
bioelements Co and P remove appreciable amounts of 
carbon, hydrogen and nitrogen from the system, some- 
thing B;2 can no longer do. To the extent of B;». the 
elements cobalt and phosphorus prevent the formation 
of Cyanogen (CN), prussic acid (HCN) or even am- 
monia (NHz) all of which are highly toxic. The fact 
that B;» is recoverable from manure and human feces 
makes this vitamin an end product, to be eliminated 
from rather than administered to the animal and hu- 
man bodies. Multiple sclerosis cases suffer from injury 
to the nerve sheath, myelin, which some authorities 
have related to their inability to remove cyanide from 
their system'*, and this explains why many MS cases 
in Cleveland benefit from a cobalt therapy, but not 
from one of Vitamin B;>2. 


That a high blood level of magnesium may be related 
to comparative immunity to coronary artery disease by 
the Bantus is reported from the South African Institute 
for Medical Research. Their studies also suggest that 
a magnesium compound is a valuable therapeutic agent 
in reducing high serum cholesterol. Bantus appear to 
have more magnesium and less cholesterol in their 
blood than Europeans or Americans'*. The possible 
role of this element in cholesterol metabolism and 
atherosclerosis has not been fully appreciated. A paper 
on the importance of magnesium in human nutrition 
appeared in the pages of this journal in December 
1954°. A magnesium deficiency in cattle has long been 
known, but in practice this element is thought to be 
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plentiful in modern rations. All green plants contain 
chlorophyll which is a magnesium molecule. It took 
some severe cases of mastitis in dairy cows in New 
York State to prove the value of extra magnesium 
supplements to the rations for dairy cattle. Such cases 
appear to have originated from molds or yeasts in 
spoiled corn, or ensilage, and there is one report that 
a heavy application of ammonium nitrate to hay lands 
following the first cutting resulted in severe mastitis 
to an entire dairy herd that was pastured thereon. Such 
a condition would no doubt have been correctible with 
magnesium and other alkalies to offset the high nitrate 
ions and their hyperacidity. The futility of treating 
such cases of mastitis with sulfa drugs and antibi- 
otics is obvious; yet that is the customary medical treat- 
ment. Other cases of so-called hypomagnesemia are re- 
ported from Northern Ireland and they were readily cor- 
rectible and preventable by a supplement of 2 ounces 
magnesium oxide per head per day to the rations of cat- 
tle involved. Formerly this trouble occurred mainly on 
early spring pastures and was known as “grass tetany”, 
“lactation tetany” or “staggers,” evidently related to 
an excess of potassium in young pasture grasses that 
led to a deficiency of magnesium. Now it seems that 
high nitrate fertilization can also induce a magnesium 
deficiency in grasses that is then carried over into the 
hay or ensilage so that it occurs at all seasons of the 
year. Another gratifying report from New York con- 
cerns the top production and improved health of a large 
number of dairy cows fed supplements of iodine, other 
multiple trace elements as inorganic compounds, and 
mono calcium phosphate. Over an eight months period 
of feeding these inorganic supplements in prophylactic 
doses milk production amounted to 10,000 to 12,000 lbs., 
there were no breeding troubles, no milk fever, no 
acetonemia, no cows off feed, no caked udders nor re- 
tained placentas. There was neither brucellosis (Bangs 
Disease) nor mastitis as might be expected, because 
the trace elements and iodine used were of the ratios 
and numbers as determined deficient in brucellosis 
cases and reported in this journal in September 1950°. 


The newer knowledge of nutrition in regard to “min- 
eral” metabolism both for humans and livestock stres- 
ses certain ions in proper proportions. It would ap- 
pear that calcium and sodium ions are generally ex- 
cessively present in feeds and food and to this can 
now be added the nitrate ions. Sales propaganda for 
the greater use of salt and other sodium compounds, 
lime, and nitrate fertilizers may have something to 
do with this. But under natural conditions there would 
seem to be a relation to a deficiency of lime and the 
incidence of tuberculosis. The soil map of the USA 
showing absence of calcareous soils corresponds with 
the areas in which tuberculosis is present. It is known 
that the tubercle baccillus can not grow in a medium 
high in calcium. 

Dr. William A. Albrecht, Soil Scientist, University 
of Missouri, as early as 1943'4 published the following 
chemical analysis of the Human Body in comparison 
with that of plants and soils, viz: 
(Continued on Page 32) 
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Understanding The Physical 
World Through Measurement 


The National Bureau of Standards has released a 
new color motion picture designed to interest young 
people in the world of science. This film, “Understand- 
ing the Physical World Through Measurement,” drama- 
tizes the role that measurement has played in man’s 
efforts to harness the sources of energy. 


The story is presented in the form of a lecture- 


In another experiment, the energy released by fission 
of uranium-235 atoms under neutron bombardment is 
shown on an oscilloscope screen, where it can be com- 
pared with the much lesser energy released by the 
radioactive disintegration of the more common uran- 
ium-238 atoms. 


Storage of chemical energy is illustrated by the green 
glow of highly reactive molecular fragments, known as 
free radicals, captured and kept at —450°, a temperature 
near absolute zero. This unique and visually spectacu- 


lar experiment portrays vividly one of the most con- 
centrated forms of chemical energy yet discovered by 
science. 


Method of Distribution 


demonstration, essentially that enthusiastically received 
by some 6,000 high school science and mathematics 
students who attended the Bureau’s Guest Week Pro- 
gram in May 1957. 


The film traces the historical development of means 
for utilizing energy sources, from the muscles of pre- 
historic man, to the steam engine, and, topically, to 
uranium fission and free radicals. The significance of 
physical measurement to this dramatic advance is illus- 
trated by experiments duplicating those important 
scientific discoveries that have revealed new sources of 
energy to mankind. 


This 33 minute, 16mm, color film is available for 
loan, or for sale, from the Office of Technical Infor- 
mation, National Bureau of Standards, Washington 25, 
D. C., or from the Bureau’s Boulder Laboratories, Boul- 
der, Colorado. The film has also been distributed among 
selected educational audio-visual centers serving school 
systems throughout the United States. 


Included are demonstrations illustrating the trans- 
formation of energy—mechanical, chemical, thermal, 
electrical, and nuclear—from one form into another. 
For example, the Bureau’s radiation balance is used 
to measure the heat energy generated by radium in its 
disintegration. 
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“THE CRYSTALITE’”’ 


FOR THE DISPLAY OF BIOLOGICAL OR GEOLOGICAL SPECIMENS OR MODELS 


From the Waddell cabinet craftsmen comes this spacious, graceful cabi- 
net—the “Crystalite.” The case is 36” long by 42” high by 1354” deep. 
Three sturdy clear glass shelves 12” x 34” are provided with 7 adjust- 
ments for height. Finger tipped sliding glass doors lock for safety—top 
and bottom are of glass for maximum light. “Ameroc” finish protects 
the distinctive wood finish. Sturdy and attractive modern wrought 
iron legs. Shipped in convenient, sturdy double shipping cartons. 


C 3332.6 The “Crystalite,” complete $54.75 F.O. B. Factory 


NOW READY — New edition of Ward’s instruction manual, “How to 
Embed in Ward's Bio-Plastic.” Send for your free copy. 


For full information on Storage and Display Equipment, write for 
Ward's free Storage Equipment Newsletter. 


WARD'S NATURAL SCIENCE ESTABLISHMENT, INC. 
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P. O. Box 24, Beechwood Station 


NINETEEN 


| 
| 


BAUSCH & LOMB 


TANDARD TEACHING 


MICROSCOPES 


in lots of five 


i 
wal 
“i 
- 
4 
Fa 


STANDARD MICROSCOPE at 
SCHOOL BUDGET PRICE! 


Dollar for Dollar, B&L Matches the Lowest = 
G Feature for Feature, B&L is Miles Ahead! | 


STANDARD OPERATION Separate coarse and fine adjustments . . . students learn cor- 


rect microscopy from the start . . . nothing to unlearn later. 


FULL STANDARD SIZE Stable, sturdy for years of daily use. Students learn on a stand- 


ard microscope, designed for comfortable, natural posture. 


NEW FINE ADJUSTMENT 1.5mm travel; 0.25mm tube travel per knob revolution 


. easier, more precise focus. 


NEW 43X OBJECTIVE Higher resolution (0.55 N.A.). Better image quality: flatter, 
distortion-free field; higher contrast. 

NEW STAINLESS STEEL FOCUSING SLIDE Less friction, less wear. 
NEW PREFOCUSING GAGE Faster, easier focus . . . saves instruction time, reduces 


damage to objectives and slides. 


SERIES ST MICROSCOPES...STANDARD SERIES STA MICROSCOPES include interme- 
EACHING Standard laboratory microscope stand; diate models for use by students in college and nurses’ 


rge stage; separate fine and coarse focusing; 10X eye- training courses, and advanced models for instructors. 
piece; double nosepiece; color-coded objectives: 10x, Features include Rotosphere ball bearing nosepiece, 
v.25 N.A. and 43, 0.55 N.A.; prefocusing gage; disc laboratory-type objectives, and provision for mechani- 
liaphragm; Optilume illuminator or mirror ... S117. cal stage and substage condenser ........ From $158. 


BAUSCH & LOMB OPTICAL CO. 
69627 St. Paul St., Rochester 2, N. Y. 


See For Yourself in 
REE DEMONSTRATION! 


Mail Coupon Today! 
BAUSCH 6 LOMB 


[_] Please schedule an obligation-free demonstration of new 
B&L ST Microscopes at my convenience. 
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SECONDARY SCHOOL 
CUMULATIVE 
RECORD FOLDER 


for 
CATHOLIC SCHOOLS 


(Duquesne Form) 


ORDER FROM 


DUQUESNE UNIVERSITY 
BOOK STORE 


Pittsburgh 19, Penna. 


Che 
Alden HH. Gorbes Laboratories 


1710 RENTON AVENUE 
PITTSBURGH 29, PENNSYLVANIA 


Phone POplar 1-9194 


Offer 


Aquaria 


Aquarium Plants 


Living Cultures 


Preserved Specimens 


and 


Equipment 
for the 


BIOLOGIST 


Our Catalog Will Be Sent On Request 
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Elementary School Science 
(Continued from Page 2) 


should be discussion during the experiment and after 
conclusions are reached. Experiments should be done 
many times by individuals or groups of children. Often 
an experiment that does not “work” is more success- 
ful in teaching the scientific attitude and scientific 
method. The reading of books and periodicals ranks 
high in the ways in which children learn science. Like 
any other method, it should not be used to the exclusion 
of all others. A science teacher has a responsibility to 
guide and help children with their reading. Here the 
skill is an important one, for vocabulary must be 
developed; a differentiation between fact and fancy 
must be made; and the encouragement to read science 
material for pure enjoyment, as well as to gain knowl- 
edge must be stressed. Children have to be helped to 
do their own thinking when they discover differences of 
statements in various books. They should be taught 
to challenge the authenticity and accuracy of conflict- 
ing or questionable statements by learning something 
about the author’s background and by looking at the 
copyright date of the publication. There are many rea- 
sons for reading science materials in and out of the 
classroom. Children should be encouraged to go to books 
to check their own conclusions, to find information, 
to locate suggestions for help in conducting an experi- 
ment, and to answer or help solve a problem. They 
should be encouraged to use a variety of sources of 
reading material on any given topic. The more infor- 
mation obtained may make apparent varying points of 
view. Books are excellent guides and learning tools. 
The proper use of them is research on the elementary 
school level. Reports may be given to the class as a re- 
sult of this research. These, of course, should not be 
read in an incoherent way, but rather presented in an 
informal and understanding fashion. 


The alert science-conscious teacher will take advan- 
tage of community resources. These may include field 
trips to the local museum, planetarium, zoo, park, or 
a near-by farm; or they may include a walk around the 
school yard to identify trees or weeds, or a walk down 
the stairs to the basement to see the heating system 
of the school. Whether the trip be one which requires 
a special bus, or merely the stepping outside of the 
school building, the excursion should have a purpose. 
Children should know what they are to look for; at- 
tention should be directed to a few definite goals. On 
some occasions children may wish to collect specimens. 
A discussion of what may be brought back should be 
held before hand. When collected material will be of 
some use for further study, a few samples should be 
gathered for the entire group. Along with the collection 
of plants, the teacher should point up the need of con- 
servation in gathering most natural specimens. 


The use of audio-visual aids is essential in the effect- 
ive teaching of science. Many excellent films, film 
strips, and slides are now available. In addition, the 
teacher should make wise use of programs scheduled 
for radio and television. As far as possible, the material 
presented should be familiar to the teacher, so that 
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children may with proper guidance use them intelli- 
gently. Pupil and teacher made materials can not be 
ignored in considering visual aids. Models, dioramas, 
murals, and the careful use of the chalkboard help 
children to reach better understandings. 


During every phase of science teaching, the teacher 
should constantly be stressing the importance of scien- 
tific attitudes and methods. Children should be taught 
to be open-minded and not to jump to conclusions. While 
it is important to learn facts, teachers must never lose 
sight of the way in which they are learned and the way 
in which they are organized. Facts should be developed 
in a meaningful way, finally arriving at generalizations 
which will be useful in the daily living of the children. 
Teachers are inclined to give too many answers. Since 
it is important to help them find the answers, children 
should be encouraged to look at a matter from all sides; 
to turn to authorities for information; to evaluate the 
information and use it wisely; to be open-minded, tol- 
erant of others’ points of view; to think carefully be- 
fore announcing a conclusion; and to be free of preju- 
dice and superstition. 


Science methods overlap each other. Lessons should 
be composed of many techniques. All lessons should 
begin with intelligent planning and be developed with 
the use of good judgment on the part of the teacher. 
When this is done in the elementary school, the result 
will be more children who have broader interests and 
knowledge of the world in which they live, as well as 
more students who will continue to study science in 
the high schools and colleges. 


The spotlight is on science and science teaching to- 
day. It is up to each person interested in this important 
field to evaluate his work and to take advantage of the 
rich opportunities available to improve himself. Strong 
leadership in the elementary school science program is 
needed immediately. It is the responsibility of each 
educator to review the entire science program presented 
in the school system which concerns him and to under- 
stand the objectives and subject matter presented in 
the specific area in which he teaches. Now is the time 
to help develop the scientists of the future who will 
keep our nation in its rightful leadership in this com- 
plex technological age. @ 


WHO ARE... 


“THE SPIRITANS” 


SEE PAGE FORTY 


3 IMPORTANT 
PHILOSOPHICAL 
LIBRARY BOOKS 


TEACHING SCIENCE 
TO THE ORDINARY PUPIL 


by K. Laysourn and C. H. Battey 


The main object of the authors in presenting 
this intensely practical book has been to show 
how every aspect of teaching Science in school 
can be treated experimentally, with the main 
emphasis on practical work by the students 


themselves. 
$10.00 


REASON AND CHANCE 
IN SCIENTIFIC DISCOVERY 


by R. Taton 


Dr. Taton examines the relative role of active pur- 
pose and chance in the processes of scientific 
discovery. Steering clear of theory, he illustrates 
his thesis by practical examples drawn from the 
lives and works of such distinguished scientists 
as Poincare, De Broglie, Bernard, Galileo, Roent- 
gen, Becquerel, the Curies, Leibniz, Newton and 
others. Illustrated. 


$10.00 


A TREASURY OF PHILOSOPHY 
Edited by Dacosert D. Runes 


Here is one of the most comprehensive collections 
of philosophical writings ever to be gathered be- 
tween the two covers of one book. In a text of 
over 1200 pages, under more than 375 separate 
entries, are to be found, not only the great 
philosophers of the West, but the important, and 
less familiar, thinkers of the Orient. The selec- 
tions cover the whole span of recorded philosophy 

from the Sixth Century B.C. to the present day. 


$10.00 


PHILOSOPHICAL LIBRARY 


Publishers 
15 E. 40th St., Dept. A-161, N.Y. 16, N.Y. 


Expedite Shipment by Prepayment 
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The Small Computer 
(Continued from Page 8) 


to make additions to the program or changes in the 
program almost immediately upon its completion. De- 
bugging of new programs and revision of programs 
consume a great deal of machine time and when the 
machine involved is a giant computer, time can be 
very expensive. In working through parts of a prob- 
lem to find the source of difficulty, the greater speed 
of a large computer is of no advantage. An inexpensive 
man tends to become the slave of an expensive machine. 


Hence, some people have chosen to eliminate this 
expenditure of valuable machine time by placing new 
problems on a small computer for solution until the 
details are formalized and a satisfactory program is 
developed. Then if the volume warrants, the program 
is translated to the language of the large computer. 
In this type of operation the small problems and the 
“one-shot”’ problems never reach the large computer. 
This approach has another advantage besides the sav- 
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problem on the small computer while his old approach 
is being employed on the large computer. 


Some large companies are taking still another ap- 
proach to the application of small computers. Man- 
agement has chosen to let each large department or 
division select a computer which will satisfy its own 
needs. The computing facility is on a completely de- 
centralized basis. By having the computer close at 
hand, the engineer is encouraged to really make use 
of it rather than waste his time on a desk calculator 
or content himself with educated guesses or “ball park” 
answers. For this type of installation, care should be 
taken in selecting a computer which is relatively 
simple to program and operate so that the engineer 
can spend more time concentrating on finding methods 
leading to more accurate answers than on program- 
ming and operating the computer. 

Another interesting application of a_ small-sized 
computer on a decentralized basis is its use as a special 
purpose computer. A major oil company is using an 
LGP-30 in one of its refineries. The computer has been 


set to assist in the one difficult task of finding a com- 
bination of operations that will produce the desired 
motor fuels on any particular day from the crude that 


ing of money. It reduces the pressures which are 
exerted toward standardization of procedures. The en- 
gineer can feel free to try new approaches to his 


Goon Reason - 
COORS is the best buy 


FINEST QUALITY 


Scientific materials and equipment, regardless 
of price, must possess properties to justify their 
use. No amount of advertising or promotion 
can gain scientific recognition for a product 
that will not perform its function properly. 


For maximum resistance to thermal shock, re- 
fractoriness and inertness to corrosive reagents, 
for accuracy of dimension and carefulness of 
workmanship — American made Coors scientific 
and industrial ceramics are the finest available 
in the world today. 


Scientists have favored Coors Porcelain for 
over forty years because they know from their 
own experience that the quality of Coors Por- 
celain is constantly maintained and improved. 
Each piece carries a real guarantee that is con- 
sistently upheld. 


The continuing program of development and 
research keeps Coors ahead of the field so that 
Coors can provide the very finest product for 
the modern laboratory. 


Coors PorcEeLAIN COMPANY 
GOLDEN, COLORADO 
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is presently available. In this application, the use of 
a central computing service is inadequate because im- 
mediate answers are important. Accurate solution of 
this problem can mean as much as $.01 per barrel dif- 
ference in profit. Since over 100,000 barrels per day 
are involved in this operation, computation can make 
as much as $1,000 difference in profit per day. 


The small company which cannot afford the price of 
a large computer or does not have enough work volume 
to warrant the use of a large computer, may find use 
for an installation similar to that in a department of 
a large company. Similar considerations should govern 
their choice of a computer. However, in addition to 
such things as ease of operation, they must also con- 
sider the capacity of the machine. In the small com- 
pany when a problem is encountered which is difficult 
to squeeze into the small computer, there is no large 
computer standing by which may be used. Hence, it 
becomes even more important for the small company 
to select a computer which has a capacity adequate for 
the broadest range of problems they expect to en- 
counter. 

In summary, the speed and capacity of modern digi- 
tal computers have greatly broadened the effectiveness 
of scientific and engineering efforts. The recognition 
of computer usefulness has been the impetus for the 
development of the giant brain. However, useful though 
it is, the giant brain is attended with difficulties. These 
difficulties can be overcome in many cases by the use 


of several small computers either to augment the large 
computer or, in some applications, to replace it. In 
addition, the small computer can be used in cases 
where computing volume and cost factors make the use 
of no other computer possible. We can expect that the 
recognition of its great potential will generate in the 
coming years a remarkable expansion in the use of 
the small computer. @ 


Science In Kindergarten 
(Continued from Page 15) 


Except for the fastening of the wire to the cone there 
is nothing about the making of a pine cone bird feeder 
which is difficult even for the kindergartener. At no 
point can the individual effort result in failure. 


No dangerous tools are used and about the only safe- 
ty precaution is to form the loose end of the suspension 
wire into a loop so it does not endanger the eyes of the 
busy workers or their neighbors. 


Suet does become greasy if the work lags, but if all 
material is kept on the outspread papers and stray 
bits are picked up from floors and the floor surface is 
wiped at once with paper towels there is little mess. 


Fifty pounds of ground suet being manipulated by 
fifty pairs of hands will not cause nearly as much 


considerably. 


charts and maps. 


NEW CHART AND MAP CABINET 
Compact — Dustproof — Low-Priced 


ADE of heavy-gauge steel with grey baked enamel finish, size 50” high x 22” 

wide x 15” deep, capacity 50 charts or maps plain-rolled or mounted with wood 

rollers, two heavy wire mesh grills allow ample space for each chart, tack numerals 
from #1 to #50 supplied so that charts (when numbered at one end of wood rollers) can 
be found readily by consulting index on the dustproof hinged cover of the ° $59 50 
cabinet. Provided with strong lock and key. Price complete_____-_- . 


(10° discount in lots of 5 cabinets) 


Consider these extraordinary advantages: 


@A great space conserver. 
@ Charts, maps, etc. very accessible. 
@ Dustproof feature prolongs life of charts @ Low price is low insurance for preserv- 


A long sought-for item of 
office where rolled charts or maps are stored. Many colleges, high schools, offices, etc. 
have switched over to this space-saving, convenient, and efficient system of storing 


NEW YORK SCIENTIFIC SUPPLY CO., INC. 


General Supplies for Biology and Chemistry 


28 West 30th Street 


@ Lock and key for control of charts in 
large departments. 


ing costly charts and maps. 


permanent equipment, essential for every department or 


Est. 1919 


New York 1, N. Y. 
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temporary devastation as the same 50 pairs of hands 
at a finger painting session. 


Pomander making with its pungent smells of apple 
sap, spices, and orris root seems to excite the interest 
of every small child. Some lose their enthusiasm and 
patience, but most youngsters learn a first lesson in 
perseverance as they stick hundreds of individual cloves 
into an apple to complete that present for mother. The 
pomander project is recommended for children having 
no place for using bird feeders. 


My experience has indicated that very firm apples 
of the Delicious variety are preferable to oranges as 
pomander bases. 

The teacher planning this project should scout a 
wholesale clove supply in advance. Cloves purchased in 
bulk cost only about 85 cents a pound. In small pack- 
ages, as usually available in neighborhood stores, they 
may cost 20 times as much. If no wholesale condiment 
dealer can be found, meat dealers who cater to restau- 
rants usually have cloves in bulk. They are used to stud 
baked hams. 

Cinnamen also is cheaper by the pound. Orris root 
is sometimes carried by neighborhood druggists. 


A flat cardboard box lid with several ounces of cloves 
and a firm apple are all each pomander maker needs 
to start his project. Some pupils prefer to stud the 
cloves on the surface of the apple in initials and pat- 
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terns and then to gradually fill in all voids until the 
surface is completely firm and covered with cloves. 
Others meticulously start at one spot and gradually 
cover the whole apple. When an apple is completely 
impregnated with cloves it is carefully rolled in a mix- 
ture of cinnamon and orris root. It is then wrapped in 
aluminum foil and laid away for about ten days to 
ripen. 

When dry and solid at the end of the ripening period 
each pomander is wrapped in a square of white net 
material, bunched at the top to provide a frilled top 
container or bag. A bow of ribbon is tied about the 
gathered top. A loop of ribbon to be used to hang the 
pomander in a clothes closet, the usual use to which it 
is put, is provided. 


The source of the exotic aromatic products going 
into this project provides many study directions. Even 
small children understand and are interested in the 
story of how genteel people of long ago swung aromatic 
pomanders to and fro in front of them when they went 
near slaves who had not bathed recently. 


These two simple bridges between a pupil’s natural 
inquisitiveness and the world of knowledge into which 
the teacher is leading him are not important in them- 
selves. The important aspect is to pick simple projects 
which for some reason can be used to associate some- 
thing in a child’s physical life and play with a new 
world of pictures and books. @ 


Special Bulletins for Biology Teachers 


These special and seasonal Turtox bulletins and pricelists are of interest to 
biology and science teachers. Ask for those you wish — all are free. 


EXPERIMENTS WITH GIBBERELLIC ACID 

PLANT AND ANIMAL HORMONES 

CHECKLIST OF CHARTS AND BIOLOGICAL DRAWINGS 
HUMAN SKULLS AND SKELETONS 

NEW COLORED LANTERN SLIDES OF MUSEUM EXHIBITS 
PARASITOLOGY MICROSCOPE SLIDES 

KODACHROMES OF HUMAN HISTOLOGY 


Important memo: The new 850-page Turtox Catalog No. 60 is now being printed. 
It will be ready for mailing on August 20, 1958. 


GENERAL BIOLOGICAL SUPPLY HOUSE 


8200 SOUTH HOYNE AVENUE 
CHICAGO 20, ILLINOIS 


THE SIGN OF THE TURTOX PLEDGES ABSOLUTE SATISFACTION 


(INCORPORATED) 
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with the CENCO® Camera Support. . . 


and the new POLAROID 
Transparency System 


The spectacular new Polaroid 


Transparency System now offers you 


high quality photomicrographs 
faster, more economically than ever 


before. Teaming the regular Polaroid® 


Land Camera with the Cenco 
Micrography Camera Support, you 
can immediately photograph 


objects seen under the microscope for 


permanent record, and project the 
finished slide within two minutes. 


Research workers, students, teachers and 
amateur photographers now have a means of * 
photographing grain structures of metals and alloys, Te 
animal and vegetable tissues, and minute organisms. i 
While the specimen is still available, the operator 1” 
knows immediately whether the proper field of 
view and correct exposure time were obtained. For 
lecture courses, slides can be produced instantly and 
projected for classroom study. (Paper prints can 
be made simply by using the same equipment, 


but another film.) 


The Cenco Micrography 


Camera Support is custom-de- 
signed specifically for use with the 
Polaroid Land Camera. Height is ad- 
justable to fit any make of microscope. 
A special viewer, which adjusts to the 
optical equivalent of the camera, is 
used to focus microscope— prior to mov- 
ing camera into position. 


Polaroid® Land 


Projection Film produces finished 
black and white slides in two sizes: 214" 
x 214" and 314” x 4”, for use in lantern 
slide projectors. This panchromatic 
film has speed, range, contrast and 
latitude to produce high detail photo- 
micrographs. (speed of 1000 daylight 
~ASA equivalent exposure index) 


> 


On-the-spot PHOTOMICROGRAPHS 
,.. ready to project in 2 minutes 


No. 65730 Cenco Micrography Camera Support. . $87.50 


The most complete line of 
scientific instruments ond lab- 


No. 65735 Polaroid Land Camera ............ . $89.75 


® by Poloroid Corp., Cambridge, Massachusetts 


oratory supplies in the world 


CENTRAL SCIENTIFIC COMPANY | 


General Offices & Factory—1718-N Irving Park Road « Chicago 13, Illinois 


Branches and Warehouses—Mountainside, N. J. ¢ Boston « Birmingham | 
Central Scientific Co. of California—Santa Clara e« Los Angeles 
Refinery Supply Company—Tulsa e Houston 

Central Scientific Co. of Canada, Ltd.—Toronto e Montreal « Vancouver e Ottawa 
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The UNITRON Student Auto-illumination Micro- 
scope, Model MSA, employs a newly designed 
stand in which all components and controls are 
within easy reach. The inclined eyepiece tube 
allows comfortable posture and may be turned in 
any optional observing direction to permit two 
students sitting side by side to share a single 
instrument. With the built-in illuminating system of 
the superior low-voltage type, each student is 
assured of the correct lighting. The transformer is 
conveniently housed in the microscope base itself 
where it contributes to the stability of the stand 
rather than to the clutter of the laboratory table. 
Model MSA comes complete with triple revolving 
nosepiece and three objectives: 4X, 10X, 40X; 
three eyepieces: 5X, 10X, 15X; coarse focusing 
with safety stop; fine focusing; condenser and iris 
diaphragm; filter holder and filter; accessory sub- 
stage mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 
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Despite its low cost, UNITRON Model MUS offers 
features lacking even in much more costly models 
usually offered for student use. For example, both 
fine and coarse focusing are provided — not 
merely a single focusing control; an iris diaphragm 
to regulate aperture for highest resolution — not 
merely a disk diaphragm; and a condenser system 
for optimum illumination. 

The optical performance of Model MUS at each 
of its magnifications is equivalent to that of expen- 
sive research models. All mechanical parts are 
machined to close tolerances and the stand is 
beautifully finished in black and chrome. Model 
MUS comes complete with triple revolving nose- 
piece and three objectives: 5X, 10X, 40X; choice 
of two eyepieces from: 5X, 10X, 15X; coarse 
focusing (accessory safety stop available); con- 
denser with iris diaphragm; inclinable stand; plano- 
concave mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 
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UNITRON DISSECTING ADS 


Heavy base, micrometric 
rack and pinion focusing, arm 
rests, mirror and background 
plate, large glass stage 
plate, Steinheil magnifiers. 


ADS: for 10X, 20X 


$3250 


ADSA: for 5X, 10X, 20X 


$3650 


UNITRON 


UNITRON LABORATORY 


Uses the same large, 
heavy stand as our re- 
search models. Three ob- 
jectives: 4X, 10X, 40X; three 
eyepieces: 5X, 10X, 15X. 
Coarse and fine focusing. 
Condenser and iris dia- 
phragm. Filter holder and 
filter. Mechanical stage 
available. 


MLEB 


STEREOSCOPIC MSL 


3-D dissecting model. 
Diopter and interpupillary 
adjustments. Removable 
glass stage plate. One set 
of eyepieces for 10X, 20X 
or 30X included; others 
available at extra cost. 


Model MSL..... 


THIS COMPLETE CATALOG ON UNITRON 
MICROSCOPES IS YOURS FOR THE ASKING! 
Gives complete information on the UNITRON Models 


described above as well as on many others for all types 
of microscopy. You will find this informative publication 


a valuable addition to your files. 


QUANTITY DISCOUNTS 
AVAILABLE ON ALL MODELS 


Prices include den cabinet, p 


tic dustcover, and 


free delivery to your school unless otherwise noted. 


A wide field, binocular, 


UNITRON PHASE MPEA 


The first student phase 
model ever to be offered. 
Observe protozoa, plankton, 
etc. in the living state without 
chemical staining. Objec- 
tives: 4X, P1OX, P40X. Eye- 
pieces: 8X, 15X. Con- 
denser and phase dia- 
phragm. Write for a reprint 
of Professor Corrington's 
article on this remarkable 
instrument. 


(f.0.b. Boston) 


UNITRON PHOTOMICROGRAPHY SET 


Duplicates the perform- 
ance of costly apparatus. 
Fits any standard micro- 
scope. Mounting brackets 
adjust for your camera. 
Viewing telescope allows 
focusing and selection of 
field while the camera is 
in position. 


Model aca... 


ACCEPT A FREE 10 DAY TRIAL 


We invite you to try any UNITRON Microscope in your 
own classroom for 10 days at absolutely no cost or 
obligation. Let our instruments prove their value and 
quality to you, before you decide to purchase. You will 
see for yourself why UNITRON is the choice of America’s 
leading universities, schools, and industrial laboratories. 


UNITRON 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC CO. 


204-206 Milk Street + 


Boston 9, Mass. 


Please send me your complete catalog on 
UNITRON Microscopes. 


| Name and Title 
School or College 


Address 


State 


| 


unexcelled quality at budget prices 
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Celestial-Terrestrial Globe 


No. 736-ST-12. Device consists of an outside celestial globe 
in which is mounted a brightly colored terrestrial globe. Star 
globe has names of stars and constellations, and contains a 
unique sun pointer. Terrestrial globe has names of countries 
and oceans, and is mounted on a rotating axis. Device may 
be used to demonstrate many earth-sky-sun relationships and to 
simplify basic concepts in astronomy and geography. 12” Cel- 
estial Globe with 6” Terrestrial Globe mounted in eas 
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Write for complete catalogue. 


Scienee Assoeiates 


Instruments/Weather + Astronomy/Teaching Aids 
194 Nassau Street, P. O. Box 216, Princeton, N. J. 


WE SPECIALIZE 


IN DEPENDABLE AND INEXPENSIVE SETS OF 
LIVING CULTURES 


@ L52h High School Protozoan 
Set (5 cultures) 

@L52k Debris and Planl on 
Collection 

@ L534 High School Invertebrate 
Set (6 representatives) 

@LGIIIS Drosophila Set (2 
cultures) 

@ AGIOO Genevics Set Kit 

@ LBI9 Large set of Ten Algae 
(individually packed) 


@ LB27 Lichen Set (4 species) 


Brown Planaria as supplied in @ LB122 Insectivorous Plant Set 
the High School invertebrate set (5 specimens) 


WE GUARANTEE SAFE ARRIVAL OF ALL 
LIVING MATERIALS 


For more information on the many sets available and 
for immediate class orders write to 


CAROLINA BIOLOGICAL 
SUPPLY COMPANY 


ELON COLLEGE, NORTH CAROLINA 


Free Catalogue Available to Teachers 
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After-School-Hours Training 
For High School Teachers 


The National Science Foundation announced recently 
that it will accept proposals from universities and 
colleges interested in sponsoring In-Service Institutes 
for Secondary School Teachers of Science and Mathe- 
matics to be held during the academic year 1958-59. 


A primary purpose of the In-Service Institute pro- 
gram is to assist colleges and universities in their 
efforts to encourage teachers in outlying school districts 
to take advantage of scientific training facilities not 
otherwise readily accessible to them. The Foundation 
has already announced support of 125 Summer and 
Academic-Year Institutes in colleges and universities 
throughout the Nation during the summer of 1958 and 
the following school year. 


In-Service Institutes for secondary school teachers 
of science and mathematics will offer work in the 
subject matter of science and mathematics especially 
designed for these teachers. Institute meetings will be 
held outside regularly scheduled school hours —e.g., 
evenings, Saturdays, or late afternoons—so that teach- 
ers may attend while still teaching full time in their 
schools. A typical Institute might meet once a week 
for two hours for the full academic year of about 30 
weeks. Half of these meetings might, for example, be 
devoted to laboratory work. 


It is possible for a particular institution to offer 
courses in more than one subject-matter area in these 
in-service programs. Courses could be offered simul- 
taneously, though not necessarily on the same evening, 
in mathematics, physics, chemistry, biology, etc., for 
instance. Any given participant should probably be 
limited to attending no more than two of these if he 
is to find time to do a good job on each. The In-Service 
Institute program contemplates that each group will 
be kept to less than thirty members so that discussion 
may be full and free. 


Foundation support to some twenty-five In-Service 
Institutes will cover all tuition and fees, plus any 
other direct costs to the college or university directly 
attributable to the program. Though the Foundation 
does not provide stipend support for participants in 
the in-service program, the NSF grants provide funds 
to underwrite travel expenses in connection with at- 
tendance at the Institutes. Deadline for submission of 
completed proposals to the Foundation is March 15, 
1958. Directions for preparing proposals may be ob- 
tained from the Division of Scientific Personnel and 
Education, National Science Foundation, Washington 
25, D. C. @ 
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now— 
more versatile 
than ever! 


FISHER- GULF 
PARTITIONER* 


for gas-liquid partition 
chromatography 


for 

fast, precise quantitative 
and qualitative analyses 
of volatile materials 
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Industrial and Engineering Chemistry calls partition 
chromatography ‘‘the greatest advance in analysis of 
volatile petroleum constituents . . . since the adoption of 
spectroscopic methods."’ 


THIS BULLETIN TELLS 
**HOW AND WHY” 


This 8-page bulletin shows the Partitioner’s poten- 
tial value for analytical control of petroleum prod- 
ucts, gas and liquid fuels, plant effluent gases, com- 
mercial solvents, many other industrial and re- 
search uses. 


WRITE FOR YOUR COPY: 
112 FISHER BUILDING 
PITTSBURGH 19, PA. 

Dianty seek. Developed by petroleum specialists in the 


Gulf Research and Development Company; refined in 
the Fisher Development Laboratories. 


Since it was introduced a year ago, the Fisher-Gulf Partitioner has 
proved itself one of the most reliable and versatile instruments 
for qualitative and quantiiative analysis by gas chromatography. 

The Partitioner is a completely automatic instrument which makes 
the fullest use of the basic advantages of partition chromatography: 
high speed . . . high resolution . .. micro samples . . . qualitative and 
quantitative determinations . . . plus extreme flexibility. 


Yet, with all these advantages, Fisher scientists still continue 
working to make the Partitioner even more versatile. Their latest 
results are listed below. 


5 new features— 


NEW STAINLESS STEEL COLUMNS enable analysis of many corrosives 
not analyzable accurately with copper columns. 

SECOND COLUMN may be installed in parallel with the first; two- 
position valve allows use of either column at will, 

NEW PRECISION INJECTION SYSTEM enables operator to reproduce 
the smallest sample volumes within +0.3°, for liquids and 0.8% 
for gases. 

ADJUSTABLE SENSITIVITY STOPS enable exact reproduction of low 
and high sensitivity settings in successive runs. 

QUICKER EQUILIBRIUM is reached through the use of higher-wattage 
electric heaters. 


FISHER SCIENTIFIC 


America’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


IN THE U.S.A. Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 


Charleston, W.Va. New York § Washington Toronto 
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Phase Films 


THE PHASE FILMS are mature single- 
purpose films presenting the most 
significant micro-biological phenom- 
ena disclosed in living organisms by 
the Nobel winning Phase-Contrast 
method. 


Photography of living organisms 
NOT ANIMATION. 


= WRITE for Titles, Descriptive Folders 
or Previews. 


ARTHUR T. BRICE 


PHASE FILMS SONOMA, CALIFORNIA 


THE 


Inorganie Bioelements 


(Continued from Page 18) 
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Vegetation Soil 
Human Body’ Dry Matter Dry Matter 
Oxygen 66.00°; 42.9 %% 47.3 % 
Carbon 17.5 44.3 19 
Hydrogen 10.2 6.1 
Nitrogen 2.4 1.62 
Total Combustible 96.10°, 94.92% 47.71% 

Calcium 1.60 0.62 3.47 
Phosphorus 0.90 0.56 0.12 
Potassium 0.40 1.68 2.46 
Sodium 0.30 0.43 
Chlorine 0.30 0.22 0.06 
Sulfur 0.20 0.37 0.12 
Magnesium 0.05 0.38 2.24 
Iron 0.004 0.04 4.50 
Silicon trace 0.00 to 3.00 27.74 
Aluminum trace trace ? 
lodine trace 
Fluorine trace trace 0.10 
Manganese trace trace 0.08 


all other trace elements, if mentioned at all, are stated 


as traces. 


All elements listed are of course inorganic bioele- 


ments. 


The above figured as body compounds: 


| TRIARCH PRODUCTS 


Fine Microscope Slides for 
Discriminating Biologists 


More than 1,000,000 Triarch Slides 
have been sold to over 1,200 Colleges 
and Universities throughout the 


a world. Ask them for an appraisal! 
e 
For current Catalog No. 10-A, 
write to: 
GEO. H. CONANT 
RIPON, WISCONSIN 


Vegetation Soil 
Human Body Dry Matter Dry Matter 
Water 65.00% 
Protein 15.00°; 10.000; 
Carbohydrates 82.00 
Salts 5.00 5.00 
Other 1.00 
Fat 14.00 3.00 
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As will be seen from the above Oxygen, Carbon, 
Nitrogen all inorganic bioelements from air and water 
become, through metabolism, organic matter such as 
the carbohydrates, proteins that embrace in their sub- 
stances the vitamins, enzymes, hormones and body 
tissues. Carbohydrates are no longer present as such 
in the human body, but are consumed as energy and 
become again Carbon Hydrogen and Oxygen. Nitrogen 
is either converted to proteins, or eliminated as urea 
or nitrates. That leaves approximately 5% as mineral 
matter which is recoverable as ash and thus subject 
to analysis. Of this amount 95% consists of the skel- 
eton and teeth. Bones are constantly formed and re- 
sorbed. It is therefore possible to influence bone for- 
mation through dietary minerals, just as it is possible 
to influence the formation of body tissues, skin, and 
blood through dietary proteins, minerals and carbo- 
hydrates that in turn contain vitamins, hormones and 
enzymes. In this picture there is left out of consider- 
ation the catalysts and anti-metabolites mentioned 
earlier, of which ingestion corresponds to elimination, 
so that to that extent food composition is at variance 
with body composition. An attempt will therefore have 
to be made to analyze not only the composition of the 
5% body salts or ash, but also of the total food ingested. 
The composition of the food of centenarians, would con- 
ceivably differ from the composition of the food con- 
sumed by a person who dies in middle age from heart 
disease or other degenerative disorders. Such are the 
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problems that face the student of health through dietary 
means. Nutritionists and dietitians are successful in 
their dietary recommendations only to the extent they 
manage to encounter foods of a nutrient balance needed 
by man already healthy. These may prove unavailing 
where gross deficiencies are already in evidence. They 
require first a reduction of what is excessively present, 
and then a correction with suitable dietary supplements 
in therapeutic doses. The disorders described earlier 
in this paper were all improved with inorganic food- 
and feed-supplements. Natural food products or “or- 
ganic food” compounds would have proved entirely 
inadequate as far as the inorganic side of life is con- 
cerned. Fats and Protein deficiencies on the other 
hand are correctible with the requisite kinds of fatty 
acids in unsaturated condition, and the requisite amino 
acids that prove either absent or inadequately present. 
Furthermore the nutritional approach to health is a 
long range preventative method. Degenerative troubles 
and deficiencies came about gradually and take con- 
siderable time to correct. Where disease is present, diet 
alone is not likely to help anyone so that medical at- 
tention must not be neglected. There is also no sub- 
stitute for surgery in critical cases, nor for mechanical 
treatments and massages where skeletal and muscular 
dislocations are involved. But of all these methods, 
nutrition is the subject that appears to be grossly ig- 
nored because not studied along the principles of bio- 
chemistry or biophysics. If none of the existing heal- 
ing arts adopts the nutritional approach to health and 
disease, certain segments of the population may be ex- 
pected to take matters into their own hands. This is 
already attempted by various “Health” advocates, but 
true economics will only come into effect when the 
principles of exact sciences are applied to the problems 
of metabolism, and nothing can be permanently cor- 
rected unless the causes are removed. @ 
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PHYSIOLOGY 
TEACHING and DEMONSTRATION KIT 


In the interest of the advancement of teaching Phy- 
siology in our Nation’s schools, the HARVARD 
APPARATUS COMPANY, a non-profit organization, 
has prepared a selected collection of its apparatus. 


This set, housed in a sturdy wooden carrying-storage 
case, is suitable to perform the majority of simple 
experiments in physiology. Included is apparatus to 
perform experiments in circulation, respiration, mus- 
cle contraction, heart and nerve preparations, etc. 


Contents: 


Spring Kymograph Stand 
Inductorium Key 

Clamps Cement 
Kymograph Paper Signal Magnet 
Seale Pan Muscle Lever 
Weights Heart Lever 
Tambour Frog Board 


Pneumograph 
Tuning Fork 


Electrodes 
Plethysmograph Tube 


Total Price, including case: $173.00 
F.0.B., Dover, Mass. 


Write for descriptive catalogue and price list of 
other apparatus. 


THE HARVARD APPARATUS CO. 


DOVER, MASSACHUSETTS 
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lew Books 


The Teaching of Mathematics 


® By THE INCORPORATED ASSOCIATION OF As- 
SISTANT MASTERS IN SECONDARY SCHOOLS, 
New York: Cambridge University Press, 
1957. 1x + 231 pp. $3.00. 


The timely appearance of this analysis of mathema- 
ties curricula and teaching methods should be noted by 
1) all who are earnestly interested in communi- 
cating a genuine liking for the subject to their 

students; 
those engaged in the preparation of eager young 
mathematics teachers. 


Indeed, all who are in the least concerned about the 
scope of preuniversity mathematics training will find 
it profitable reading. This report, prepared by the group 
listed above, is the seventh in a postwar series dealing 
with the main subjects taught in British Secondary 
Schools. 

The body of the report contains an extensive survey 
of syllabus material, including a discussion of the ele- 
ments of arithmetic as presented in the nursery school 
and a summary of the arithmetical processes and con- 
cepts which should form part of the background of the 
student as he finishes primary school at the age of 
114-. A syllabus for the third, fourth, and fifth year 
of the secondary school is outlined, with suggested 
correlation between topics of 1) arithmetic, 2) algebra, 
3) geometry, 4) trigonometry, 5) graphical work. The 
various topics are discussed at length, with hints for 
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stimulation of interest and effective presentation. There 
is also a section devoted to consideration of the teach- 
ing of the elements of calculus and mechanics in the 
fifth year. 

Other topics covered are: the teaching of statistics, 
the mathematical library (with an excellent collection 
of titles), the teaching of the history of mathematics, 
the “mathematics room”, the teacher’s attitude. 


Underlying each critical evaluation seems to be an 
endorsement of the psychologists’ advice to concent 
rate on the needs of the pupil; order, selection, and 
treatment of topics must be “psychological rather 
than logical”, and emphasis must be placed upon moti- 
vation and purpose rather than the traditional “Mathe- 
matics trains the mind.” The belief that the benefit of 
mathematical training is automatically applied to non- 
allied fields is not sustained; instead, it is stressed that 
any such benefit depends upon conscious recognition 
and conscious transfer of logical thought processes to 
other material. 


The increasingly important task of imparting and 
appreciation of at least some of the aspects of mathe- 
matical thought and processes to the nonmathematically- 
inclined is handled particularly well. The slow student 
as well as the brilliant one must be provided with 
stimulating material geared to his own level of interest 
and achievement: Reference to applications in survey- 
ing, meteorology, astronomy, and navigation is cited. 


The book does not read like an idealistic education 
text. On the whole, it remains an objective review of 
present subject matter and teaching methods, and pro- 
ceeds very logically to suggestions for revision. In many 
instances, appropriate problem types are illustrated. 
In an examination of the solution of geometry prob- 
lems, it is refreshing to read that “mechanical copying- 
out is probably worthless”. 


The report is not as concise in spots as some might 
desire and is not recommended as a classroom text; 
however, it will provide very suitable collateral reading 
or reference material for classes in the teaching of 
mathematics. 

Charles F. Sebesta, Ph.D. 
Head: Department of Mathematics 
Duquesne University 


Reason and Chance in 
Scientifie Discovery 


© By R. TATON (Translated by A. J. Pome- 
rans) Philosophical Library, Inc. New 
York. 1957. Pp. 171. $10.00. 


This book concerns itself with the nature and origin 
of scientific discoveries. It is well written and definitely 
is a worth-while contribution to the philosophy of sci- 
ence. The author avoids excess theorizing and makes 
copious use of examples taken from the writings of 
famous scientists to illustrate his thesis. The selections 
from famous authors are well chosen and many are 
taken from authors whose works are not easily avail- 
able to Americans. 


The book is divided into two parts: In the first part 
the differences in and the basic methods used in the 
mathematical, theoretical, and the observational and 
experimental sciences are clearly pointed out. In part 
two, the factors in discovery are treated, and it is in 
this part that the title of the book is most fully justi- 
fied. Part three concerns itself with various aspects 
of discoveries, such as originality, missed discoveries, 
and routine. 

The printing is very good and there are many excel- 
lent illustrations. We recommend this book to all who 
are interested in the basic nature of science. 

J.P. 
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The Spiritans 
A History of the Congregation of the Holy Ghost. 


© By Henry J. Koren, C.S.Sp., S.T.D., Du- 
quesne Studies, Pittsburgh, Penna. Publi- 
cation date April 15, 1958. Pp. xxvu + 
641. $6.50 (Paper $5.75). 


As the history of the Spiritans (Holy Ghost Fathers) 
unfolds, we meet such diverse characters as their 
handsome young founder, Claude Francis Poullart des 
Places, who tore himself away from wealth and glam- 
our, prestige and social acceptance, titles and a legal 
career, to get things going and then to die at the age 
of 30; James Bertout, who returned to Paris after 
the French Revolution, found the work of two genera- 
tions in ruins and spent himself in singlehandedly re- 
building it, only to see a life-time of effort, destroyed 
by a vicious government coup when he reached the age 
of eighty; Francis Libermann, a Rabbi’s son, who did 
through brilliant diplomacy and amazing holiness what 
Bertout had failed to achieve, even though epilepsy 
dogged his early years and tragedy clouded the evening 
of his life; James Laval, a physician turned priest, at 
whose grave in Mauritius 50,000 Christians and Mo- 
hammedans still gather in homage on the anniversary 
of his death; Stanislas Arragon, whose wild vigor made 
even his cassock “look quite venerable after two days’ 
wear”; Prosper Augouard, the “Cannibal Bishop,” and 
Peter Gourtay, the “Gangster Bishop,” whose terri- 
tories held mysteries enough to make even a strong man 
quail. These and scores of others pass in review down 
the two and one-half centuries during which the little 
band of founding seminarians has grown into a world- 
wide organization that counts over seven thousand 
members and aspirants. 


This book is no mere work of journalistic propa- 
ganda. It rests four-square on a mountain of docu- 
mentary evidence which long and patient research has 
charted in scrupulous detail, letting the chips fall 
where they may. Yet even through the primness of 
scholarly format and the staidness of careful objec- 
tivity, one cannot help hearing the strains of “Semper 
Paratus” or an echo of the Marines’ Hymn. God’s own 
Corps is marching on and all who love a parade will 
thrill to the rhythm of its step. 


The Church and Modern Science 


© By Patrick J. MCLAUGHLIN, B.D., D.Sc. 
Philosophical Library, Inc. New York. 
1957. Pp. 374. $7.50. 


The Catholic scientist and the philosopher will find 
in this book a convenient one volume source of the 
pronouncements of Pope Pius XII on science. 


The book is divided into two parts. Part one is philo- 
sophical and it discusses the traditional and modern 
views of science. Part two is made up mainly of the 
discourses and writings of Pius XII on science. The 
style is simple and clear. The author has logically 
arranged his own discussions and the translation of 
the papal documents is good. To help the reader sub- 
titles have been inserted in the translations and the 
documents are not presented in chronological order but 
grouped into classifications according to subject-matter. 
Three appendices have been added, one on the church’s 
attitude towards miracles, the second is a listing of the 
sources of the acts of Pius XII and the third is a 
fairly complete bibliography of the philosophy of 
science. 

The sources of the acts are mainly from English 
periodicals but very few of them are easy for the 
average American teacher to obtain. The only Ameri- 
can sources cited are the Catholic Mind and Yzerman’s 
The Unwearied Advocate. Unfortunately he overlooks 


the best and most recent American source, The Pope 
Speaks (3622 12th St. N. E., Washington, D. C.). 


This book should be in the library of every college 
and Catholic seminary. It is not another book on the 
religion and science controversy but an authoritative 
source of information. 

J.P.M. 


Morphology of Plants 


By C. BoLp, PH.D. New York. 
Harper and Brothers, Publishers. 1957. 
Pp. xxm1 + 652. $8.00. 


This comprehensive textbook is designed to present 
a discussion of the morphology and reproduction of the 
more important “types” of plants in the plant kingdom. 
The “types” are selected by application of two criteria: 
1) their ready availability, so that students can ob- 
serve the living plants; 2) their suitability as an intro- 
duction to more specialized treatments which students 
would meet in advanced classes. 


The content of the book is organized into a preface, 
thirty-one chapters, an appendix and an index. The 
first of the thirty-one chapters is an introduction, the 
next twenty-eight chapters deal with the present day 
plants from the twenty-four divisions which the author 
recognizes, the thirtieth chapter deals with plants of the 
past and the last chapter is a general summary. The 
appendix is a collection of methods of assembling and 
preparing living materials for student use. 


Discussion questions at the end of each chapter aid 
the student in summarizing the essential data of the 
chapter. The diagrams and photographs, which are 
liberally distributed throughout the text, are of excel- 
lent quality and aid the student in making his own 
observations, but do not substitute for them. 


The approach of the author and his choice of words 
is very appealing to this reviewer and is especially 
pleasing in the preface to the student, in the introduc- 
tion and in the general summary. 


It would seem to this reviewer that all teachers of 
botany or biology and all students of botany who go 
beyond the first semester of college botany should be 
familiar with this book. Many amateur botanists who 
have not had the opportunity of taking a college course 
will find this book both interesting and helpful. 


Helena A. Miller, Ph.D. 
Biology Department 
Duquesne University 


How Teo Do An Experiment 


@® By PHILIP GOLDSTEIN. Harcourt, Brace 
and Company. New York and Chicago. 
1957. Pp. 192. $2.60. 


Junior and senior high school science students are 
very often too dependent on text books for their 
understanding of science. This little book will help 
the better student to start making independent investi- 
gations. Philip Goldstein conclusively demonstrates 
that at the junior high school level students can start 
significant research in chemistry, biology and physics. 


The first chapter discusses the methods of science in 
general, methods of collecting data, forming hypotheses, 
the nature of theory and law. The remaining chapters 
are an expansion of the material in the first chapter. 
The chapters are short and each clearly and compre- 
hensively covers its topic. Many pertinent examples of 
the use of scientific procedures are given, some are 
taken from the history of great discoveries in many 
sciences. The author also gives examples of student 
experiments and criticizes their strong and weak points. 
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The style is pleasing and the author frequently in- 
troduces a little quiet humor, as for example, his use 
of John Godfrey Saxe’s poem, “The Blind Men and the 
Elephant” in warning the reader of the danger of in- 
completeness in observation. The printing and binding 
are excellent and the book is pleasantly illustrated. 


We strongly recommend this book to students who 
are interested in independent study, or who are seeking 
ideas for a science fair project. 

J.P. M. 


Scientific American Books 


Simon and Schuster. 1957. New York. $1.45 
each (paper). 


PLANT LIFE, Pp. xu + 237 
NEW CHEMISTRY, Pp. x1 + 206 
LIVES IN SCIENCE, Pp. xiv + 274 


The Scientific American Books are essentially re- 
prints of the fine articles which have appeared in the 
pages of this excellent review. Even those with a full 
file of the Scientific American will find these books 
an excellent addition to their library. Each book con- 
tains a selection of articles on a selected topic. The arti- 
cles are arranged in a logical sequence, resulting in a 
highly informative and readable book. 


In addition to the titles given above the following 
titles are included in the series: The New Astronomy, 
The Physics and Chemistry of Life, Twentieth Century 
Bestiary, Atomic Power, Automatic Control, The Planet 
Earth and The Universe. 


It would be a tremendous task to present an adequate 
review of these books. Their content is excellent and 
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the integration of the articles about a central theme 
is very well done. We recommend that you purchase 
one, and after reading it you will want the others. 


The books are attractively bound in strong paper 
covers. The paper and printing are all that could be 
desired. From the standpoint of content, the authority 
of the authors, appearance and price there is no greater 
bargain in books on the present market. 


We recommend these books for your science-reading 
shelf, and because of their low price we suggest that 
you encourage your students to purchase personal 


copies. 


New Frontiers of Knowledge 


© Edited by M. B. SCHNAPPER. Public Af- 
fairs Press. Washington, D. C. 1957. Pp. 
xX + 125. $2.75. 


This book is a symposium by distinguished writers, 
notable scholars, and public figures. It is based upon 
a series of talks broadcast throughout the world by the 
United States Information Agency. Thirty-six authors 
contribute and they are all outstanding in some field 
of science, social science, government, international 
problems, and journalism. Americans, Europeans, Asi- 
ans, and Africans contribute. While there is no direct 
unity in their articles, the editor has arranged them 
in such order that the reader easily passes from one to 
the next. 


We recommend this work on the basis of its content 
and also as a source of information on the type of 
broadcasts that are being transmitted by the Voice 
of America. 

J. P.M. 


SCIENCE (Workbooks) 
Grades 1-6 by SMITH 


by VANCE AND MILLER 


biological science. 


CHICAGO PHILADELPHIA 


DESIGNED FOR SCIENCE 
ELEMENTARY AND HIGH SCHOOL LEVELS 


These six new activity books are a key to scientific understanding on the elementary 
level. They correlate careful observation, classification, experiments, and discovery 
of relationships through personal student participation—a learning by doing 
approach. Teacher's Editions will be available upon request. 


BIOLOGY FOR YOU — 4th Edition 


This 1958 edition features a colorful new overview of biology in our world today. 
Geared to secondary school students, it provides a background to understand the 
life sciences in a study of traditional matter and appreciation of contributions of 


J. B. LIPPINCOTT COMPANY 


UNDERSTANDING 


ATLANTA DALLAS TORONTO 
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THERE’S AN AO SPENCER 
STUDENT MICROSCOPE 
TO SUIT YOUR EXACT 
TEACHING PLAN 


What is the best teaching microscope? Thousands of Science 
Teachers have told us there is no single answer. Requirements 
differ with budget restrictions, the age of students and the 
course being taught. That’s why AO Spencer makes the variety 
of models ions here. You'll find that one will exactly fit your 
specific needs, that all are designed to make your teaching 
hours more productive. 

Realizing that students are at all times wonderfully curious 
and sometimes impetuous, focusing adjustments on all AO 
teaching microscopes are - spring loaded” to prevent damage 
to objectives and costly slides. Eyepieces and objectives locked 
in, if desired. 


No. 738 No. 66B 


No. 

78 | A low-cost teaching 73) A quality instrument @ One of the most popu- 
microscope that requires little with a low price tag! Designed lar Teaching Microscopes in 
or no instruction into the tech- for the class where acquisition America! Traditional design 
nique of microscopy. Your of subject matter is the pri- and minimum maintainance 
time is spent solely on subject mary teaching objective. Low make it ideal for the class 
matter. Built-in base illumi- overall height and single pre- where acquisition of subject 
nator assures proper illumina- cise focusing adjustments make matter and skill in microscopy 
tion. Helps students observe the No. 73 easy to use. At- are both important considera- 
specimens properly. tached substage illuminator tions. All metal, standard size 

available, instrument with top quality op- 


tics. Coarse and fine adjust- 
ments. Attached substage illu- 
minator available. 


Model No. 78R only $77.40 Model No. 73R only $78.75 Model No. 66S only $125,25 
in quantities of 5 or more. in quantities of 5 or more. in quantities of 5 or more. 
American Optical Please send me complete information on AO Spencer Student 
Microscopes, No. 66 No. 73 No. 78 | 
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Microwave Propagation 


(Continued from Page 13) 


propagation retarded progress against the line-of-sight 
shibboleth. It appears essential for theory and experi- 
ment to cross-fertilize each other continually. 


Lastly, this quarter century of gradual progress in 


understanding the limitations of the line-of-sight shib- 
boleth about microwaves may serve as an antidote to 
the excessive condensation to which scientific history 
is frequently subjected in textbooks. The laws of na- 
ture are presented as accepted revealed truth, fre- 
quently without accompaniment of insight into the 
devious and very human struggle even of the most 
successful scientists before their discoveries come to 
be accepted even by contemporary experts in the same 
specialty. We should all make an effort to understand 
why it took so long for expert opinion to come to 
believe in a discovery initiated by Marconi in 1932-1933. 
It was held by the late American inventor Armstrong 
that the best criterion for invention is this: find out 
what the experts said or wrote when they first heard 
about it, because while an invention must be in accord 
with the immutable laws of nature in order to be suc- 
cessful, it cannot be obvious at first to contemporary 
experts or it would have been invented earlier*?. I close 
with the final sentences of Armstrong’s 1951 tribute to 
Marconi’s early discoveries about transatlantic wireless 
and the short wave revolution, before the significance 
of the final microwave work was recognized®®. 


“The key to his achievement is that he was able to 


appreciate the limits of his own knowledge, and to 
doubt what others were ready to accept as dogma. For 
that rare ability and his infinite perseverance he gained 
the reward that always awaits the true discoverer—he 
builded better than he knew.” @ 


te 
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Pasteur Shows Importance 
Of Basie Research 


“Science in its highest form never advances without 
its results benefiting industry sooner or later.” 

So wrote one of the greatest basic researchers of all 
time—Louis Pasteur. It is all the more remarkable 
because this French scientist died before the turn of 
the 20th century. 

Just 100 years ago, Pasteur discovered that the 
fermentation of lactic acid is caused by living micro- 
organisms. The discovery, like so many others arising 
from basic research, was ahead of its time. The science 
and technology of his time were too young to make any 
but limited use of this basic knowledge. Yet one of 
the turning points in human history was to rise from 
this new knowledge. Having made the discovery, Pas- 
teur went on to develop further his monumental germ 
theory of disease, the basis of much of modern medicine. 


So from one discovery, evolved two, and the chain 
reaction of basic research was at work. President 
Eisenhower has stressed the need of increasing this 
type of research. In his first “chins-up” speech on na- 
tional security, he said in part, “...a... critical need 
is that of giving higher priority, both public and pri- 
vate, to basic research.” 

The chemical industry has long recognized this need. 
This year it will spend around $53 million on basic 
research alone. And this does not include the millions 
given by chemical companies to universities, colleges 
and private institutions for carrying on this type of 
research. 

In a sense basic research is a thing apart. The re- 
searcher is guided basically by his desire to fully under- 
stand the workings of nature. An incidental aspect 
of this is that basic research is a source ofall tech- 
nological progress. 

Pasteur never forgot the practical applications of 
science, though he dealt in the theoretical. “There is 
science and the applications of science, and both are 
linked together as the fruit to the tree,” he wrote. 


Indeed it is easy to see for Pasteur’s work is one of 
the best examples. Without highly controlled fermen- 


tation and bio-synthesis techniques, antibiotics would 
be a laboratory curiosity today. Citric acid, vitamins, 
hormones, steroids and a host of chemical intermediates 
would be rare and costly. Methods for producing such 
chemical building blocks on an economical basis simply 
would not exist. And now leading scientists have pre- 
dicted that new chemicals, drugs and nutrients pro- 
duced by microscopic molds and germs may play in- 
creasingly important roles in human life in the near 
future. Many new products of fermentation are on 
the horizon. Included are food for animals and human 
beings. Many high-protein microorganisms, such as 
yeasts, may provide part of the answer to food pro- 
duction problems caused by the world’s growing popula- 
tion. Among the specific nutrients that may be pro- 
vided by fermentation are some amino acids, the build- 
ing blocks of proteins. Such an acid, lysine, which is 
essential to building body tissue, has recently been 
produced by fermentation. It is also being synthesized 
by chemical means. 

Thus, many of today’s practical benefits trace their 
origins to a basic discovery made 100 years ago. They 
are linked as the fruit to the tree. 

—Chemical News. 


Molybdenum 
(Continued from Page 6) 


strength. Chief markets for this pigment are paints, 
printing inks and plastics. Because of its high visi- 
bility and intensity it has replaced chrome orange as 
the pigment specified for international orange (the 
color which adorns airport towers throughout the 
world). It also is included in the specification for air- 
craft gloss enamel. 


Lakers or toners for colors also incorporate versatile 
molybdenum. These pigments consist of basic organic 
dyes precipitated by phosphomolybdic acid (PMA), phos- 
photungstic acid (PTA) or mixtures of both (PMTA). 
They are used mainly in printing inks and interior 
paints and enamels. The PMA lakes have greater tint- 
ing strength and are much cheaper but on exposure to 
light tend to darken. The PTA colors are more bril- 
liant but are subject to fading. Thus mixtures of the 
two acids are often preferred. 


Other Chemical Uses 


Although molybdenum alloy steels and irons are 
made from technical grade oxide, briquets or ferro- 
molybdenum, pure moly chemicals are used in the pro- 
duction of metallic molybdenum. Moly chemicals also 
have found use in metal surface treatment, ceramics, 
one coat enamels (to promote adhesion, and enamels 
opacified with titania (as a tint). 


There are other uses for moly chemicals and new ones 
on the horizon—but suffice it to say that between both 
its metallurgical and chemical sides, molybdenum is 
truly one of nature’s most versatile elements. @ 
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New Tests Featured by ACS 
Examinations Committee 


The examinations committee of the Division of Chem- 
ical Education ACS has launched the 1958 Testing Pro- 
gram. 

A new test has been prepared by the General Chem- 
istry sub-committee under the chairmanship of Dr. 
Donald D. Wright of Brooklyn College. As an experi- 
ment the test has been released simultaneously in two 
forms, 1958 and 1958S. Both forms contain identical 
items, but in different order. This will help minimize 
copying, when used in the same examination room 
under crowded conditions, or in different sections dur- 
ing the day. 

The Organic Chemistry sub-committee, under the 
chairmanship of Dr. Bernard A. Nelson of Wheaton 
College has prepared a new test, Organic Chemistry, 
Form 1958. The test is for a full year course, but a 
part may be given at the end of the first semester, or 
the entire test at the end of the year. 

The High School Chemistry Test, Form N, has gone 
through a second printing. The test was prepared under 
the chairmanship of Mr. Elbert C. Weaver of Phillips 
(Andover) Academy and a sub-committee of 42 teach- 
ers appointed jointly by the Examinations Committee 
and the National Science Teachers Association. 

The Spring 1958 program features tests in all fields 
of undergraduate chemistry: General Chemistry, Quali- 
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tative Analysis, Quantitative Analysis, Organic Chem- 
istry, Physical Chemistry and Biochemistry. Several 
forms are available for each field, and national norms 
have been calculated in all but the new tests. 


Further information and copies of all the tests may 
be obtained from Theodore A. Ashford, Committee 
Chairman, St. Louis University, St. Louis 4, Missouri. 
These tests are available to members of the faculty of 
higher educational institutions. Please use official sta- 
tionery and use the official channels of the college when 
making inquiries. Limited copies of older examinations 
are available in addition to the tests featured in the 
testing program. 


NSF Plans Conferenee 


Plans for a conference on “Research and Develop- 
ment and Its Impact on the Economy,” to be held in 
Washington in the spring, were announced recently by 
Alan T. Waterman, Director of the National Science 
Foundation. 


The conference is being planned by the Foundation 
as part of its program to study the volume of research 
and development in all sectors of the economy, in terms 
of both expenditures and manpower engaged in the 
work, and of the impact of this important activity on 
the Nation’s economic well-being. 
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Duguesue Studies 


DUQUESNE STUDIES announces a new series devoted to the publication of documents 
and studies about the Holy Ghost Fathers (Spiritans) and their manifold activities 
throughout the world. The first volume. which is reviewed in the New Books section 


of this issue of the SCIENCE COUNSELOR, will be published on April 15, 1958. 
THE SPIRITANS 
A HISTORY OF THE CONGREGATION OF THE HOLY GHOST 
By Henry J. Koren, C.S.Sp., S.T.D. 


This is a well documented volume and the product of much patient research, and it 
is abundantly illustrated with photographs and maps. 


DUQUESNE STUDIES, DUQUESNE UNIVERSITY, PITTSBURGH 19, PENNA. 


Price $6.50 ($5.75 Paper) 
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| You Can Depend on the GENATRON 


| @ THE MODERN ELECTROSTATIC GENERATOR 


THE CAMBOSCO GENATRON serves not only for classical experiments in static 
electricity, but also for new and dramatic demonstrations that are not performable by 
any other means. It exemplifies a modern method of building up the tremendously high 
voltages required for atomic fission, for nuclear research, and for radiation therapy. 


Entirely self-exciting, the GENATRON cracks into action at the snap of the switch 
—whose only function is that of starting the motor drive. No auxiliary charging method 
is employed. Hence, despite an output measured in hundreds of thousands of volts, no 
hazard is involved, for the operator or for the observers. 


An Output of 250,000 Volis — or More ! 


THE CAMBOSCO GENATRON is designed to deliver, in normal operation, a 
discharge of the order of 250,000 volts. That figure, a conservative rating, is based 
on many trials conducted under average conditions. With ideal conditions, a potential 


difference of 400,000 volts has been achieved. 


Modern Desiga— Sturdy con- 


struction and 
ever-dependable performance distinguish 
the GENA TRON from all electrostatic 
devices hitherto available for demonstra- 
tion work in Physics. This powerful, high- 
potential source, reflecting the benefits of 
extensive experience in electrostatic engi- 
neering, has absolutely nothing but  pur- 
pose in common with the old fashioned 
static machine. 


NO FRAGILE PARTS —Durability was a 
prime consideration in the design of the 
GENATRON which, with the exception 
of insulating members, is constructed en- 
tirely of metal. 

The only part subject to deterioration 
is the charge-carrying belt, which is readily 
replaceable. 


NO TRANSFER BODIES —In all conven- 
tional influence machines, whether of 
Holtz or Wimshurst type, electrical charges 
are collected and conveyed (from rotating 
plates to electrodes) by a system of “‘trans- 
fer bodies.” Such bodies have always taken 
the form of metal brushes, rods, button 
disk or segments — each of which, inevit- 
ably, permits leakage of the very charge 
it is intended to carry, and thereby sharp- 
ly limits the maximum output voltage. 


It is a distinguishing difference of the 
GENATRON that electrical charges, con- 
veyed by a non-metallic material, are es- 
tablished directly upon the discharge ter- 
minal. The attainable voltage according- 
ly depends only upon the geometry of 
that terminal and the dielectric strength 
of the medium by which it is surrounded. 


Unique Features of the 
CamboscO Genatron 


DISCHARGE Charges accumulate on, and dis- 
TERMINAL charge takes place from, the 
outer service of a polished metal “‘sphere’’—or, 
more accurately, an oblate spheroid. 

The upper hemisphere is flattened at the pole 
to afford a horizontal support for such static 
accessories as must be insulated from ground. 
A built-in jack, at the center of that hori- 
zontal area, accepts a standard banana plug. 
Connections may thus be made to accessories 
located at a distance from the GENATRON. 


CHARGE. To the terminal, charges are con- 

veyed by an endless band of pure, 
CARRYING live latex a CamboscO develop- 
B E L T ment which has none of the short- 
comings inherent in a belt with an overlap joint. 


DISCHARGE High voltage demonstrations 
B A L LU often require a “spark gap” 
whose width can be varied without immobiliz- 
ing either of the operator’s hands. 

That problem is ingeniously solved in the 
GENATRON, by mounting the discharge ball 
on a flexible shaft, which maintains any shape 
into which it is bent. Thus the discharge ball 
may be positioned at any desired distance 
(over a sixteen-inch range) from the discharge 
terminal. 


BASE...AND Stability is assured by the mas- 
sive, cast metal base—where deep 

DRIVING sockets are provided for the flex- 
MECHANISM ible shaft which carries the dis- 
charge ball, and for the lucite cylinder which 
supports, and insulates, the discharge terminal. 
The flat, top surface of the base, (electrically 
speaking), represents the ground plane. Actual 
connection to ground is made through a con- 
veniently located Jack-in-Head Binding Post. 
The base of the Genatron encloses, and elec- 
trically shields, the entire driving mechanism. 


PRINCIPAL The overall height of the 
DIMENSIONS GENATRON is 31 in. Diam- 
eters of Discharge Ball and Terminal are, 
respectively, 3 in. and 10 in. The base 
measures 54% x 7 x 14 in. 


CAMBOSCO SCIENTIFIC COMPANY 
3739 ANTWERP ST. @ BRIGHTON STATION 
BOSTON, MASS., U.S. A. 


GENATRON, With Motor Drive 


Operates on 110-volt A.C. or 110-volt D.C. 

Includes: Discharge Terminal, Lucite In- 
sulating Cylinder, Latex Charge-Carrying 
Belt, Discharge Ball with Flexible Shaft, 
Accessory and Ground Jacks, Cast Metal 
Base with built-in Motor Drive, Connecting 
Cord, Plug, Switch, and Operating Instruc- 


tions. 
No. 61-705 - - - - $98.75 


GENATRON, With Speed Control 
Includes (in addition to equipment item- 
ized above under No. 61-705) a built-in 
Rheostat, to facilitate demonstrations re 
quiring less than the maximum output. 


No. 61-708 - - - - $109.00 


No. 61-710 Endless Belt. Of pure latex. For 
replacement in No. 61-705 or No. 61-708_$3.00 
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